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a a, jJflxgJtj LliLoJfllil 

l£ofjD*J ±U dill ■ * iC* JiLoJl SjJL l 4 (Jp4-iia 


L_ajL5jDI ^j_j>- ^jl!I iJLJLJl oJLjJ ^JlSI jl « la ji 

4_xi j-va-P ^jjJl A_jjJjl oli 4 -iJuLj oWL>t» 

oJla jAj jL j <* j */2'i$ s j\ is* j_>i^q ii 

<-jLaiJlj ^jJLjJLJ JL-p ciULiJl ajj JLa ( y^u 0 jL*jl!Lj aJLJL-JI 

oL^L^Jl ( yj0 ^JLP 4 _a-JLj jLtJ £Ajj A-<j^>- jjJJ A_*Jj_aJ| A^oJa-LoJlj 
: L$i»j i ^jbJlj idjjJI axJJL oL*/»ji5lj 

^LjJl ^ JLfljcuJl a-<jJL!I j* jJ-«J ^L^JI uLJl 

44 -ujjJl a_*JJIj I o jj j+0 J-p ^ 2007 —*1428 

Lo ^JLp { j &J <,1*^ o*>LoLa-*JIj ^*JL*JI 4jJ ls * oOlj 

dJLSi ^ L*j jj*L*JI ^ 4jJJI 

.(Laj^j cJjIjWIj ^JU^jVI sL*j 

4-*j j_*Jl <£JL^JI ^_9 ^jJLjJLS a-jJ? jJl a-u-L-l-JI® i LJli 

• ^ yA AdJ>«dJ*<<| A-*-*j2j **>P ^LoJLpI ^^tj| ^1 AjQ j) h<«> li 

y*_*/aJl AaaLjLoJI t*lJ LuJllJ I j l vJ^LuL*-o*kS^^L»Jlj^ t oio.»li 
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oLJjy^LNlj ioL» jJLjluJI 4_aJJLjj 4_aJJLiJ|j i (jJbJl) 

ciiLkJlj tjlj-JaJlj *[ a jlj toLuoNL^ jVIj 

,4JLjJ|^ t 4 >q JLdHotJl 


L^jI Jjcdj ^<131 jlp dlJLJl Sj^Ljo * liltf 

i-iJLflj d~p- tdJ jXj’VI ^ iuyJl AjJLSI j^u>- ^jl ^ *L>- Lo 
iujbo LaJLaIj £jLLJI ^jja ^JlP ^ J1 

4uoli>c^o oi^> OjLcJL 4 -jl5i3Ij {* jJLjJL! jlp dJLLoJl 

^4JuJjj jjJLiCu Lo ^pLLJl oJLa 

IfJij ^ 4 I 3 -L' 1 j ^yjj JSLi ^Uil ^^*Jl 

^JLp JLpL-j Lo C 4a-*JLaJ| <v?L>cJj 14^ a!| JJLaIj Lo 

iujjJl aJJLSI ^ji^S/l oLLLSl ^0 i*jj-y]L ^^JLJI ^*1 

.JLio *iL rtJLu ^jjJl JUjJj JL^j 


^1 oLiiiil JS ^ ^ ^ JLp 5 JLJL-JI J*iAJ 

<^aiSL!I ,&4-jJii]|j ^jJLdJ <aiLjJ| L^-L^-JIb L$JoJL?- 

LbS' 0t 4 -Lii!l dlJL ^ li jjjca L*JLp Lu >-ja l!jV| O^SL 

* * * * 

i^jbS' Jaij jij c 0L1J L$j>-^ LoLp Lbs' dJIlllj 4 LjooL>- 

oLj2a]| 41LL ( AaIpj , LcoJl>*-o dlb ^jS' ^Sl ^1 

* * 

i Lql>-^I> 0 Lbs' Aj^u 4PLo J-P 4 joJL£uJ|j 4^L>tAj| 

4_a_l5jl!I j 4 -*-oJL*JI ol> 1 la a/3 *. 1 j ^jjLiua ^jL^I t_jb_S ^j /a >- LoJ> 

« 1 L!>,/? Qi 11 4 1 aaJLaaII oJIa ^ ^3 ojiftijL>]| 

Oj-^J Ol LjJ^o 4 0 JLP ^ajLjo pL5_IjI ^JLflJj 

^ I tA ^ *■>^ L ^ ^ ^3 ^ ^ ^ 4 ^«jlaJ| ‘■^ L ^ ^3 l.* * <]| cjL^oI ^^4 ejbSLil 
Jj - c)j—c)lj c2000 ^Lp JL-A-j jJ a/? JL_9 4_jIj C 1 a ■» iL-P 
^^iJl 4 _>t Si 0 j^j c)1j iii c-a!?L>iu dAA>«_} A^a a?-*VI 

^P 4 -«j-^I> 0 d—LAuJj iwjb^jl LjJ iwiJl ^iJl 4 jlUL 4 jjI ^0 L4IP 
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La««la7 LJUp jjo 0j-^4 ol Ij-^lj j-?-l 4_iJ 

<JU* ls* jLS^-^lJ <~UiJl J-£j ^j^j>- ^ wij 

o^Lj 1 'jA i^UaliVl 

oJjb jjJL/ aj oJLjcl^i 4-jJilJlj ^jJuJJ JjjjJl JLP dULoJl AJuJLo 
Jp U*j >-jliS 4-<dal<Jl j£Ji I jl *j\j ^y> <P 

4_aj>-Ij~*J|j jli\ Lj-dJu ^J^_>«j| 

^yipj Jij>^>\j 

-LjI j £\ ip^^UJ UUI >Lit US' * i*r- JUj 
iijJLo ^ ^^Loj ULJJlSj UJai-oJl ^ LajUiJI ^JLp <J\j^y\ Lfj 
UUUil oj^U» jlUj Oj_ajU ^JLSI <a15i!Ij ^jJUU jj jjJl jop ULUJI 

•^jjaJI ^ji>cULl <Hi jlp 

1431/3/20 ^1^)1 

S : :2illj ^jUil ^j^aJI jlp ULU J I SiiJU j 
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( Energy: 4 ; :2:)l : SiLkJI ^jlaj 

<iHail oL^L*! Technology and Directions for the Future ) 
iSLkJl JLp £*jl>«-«J| ^UjlpI jL Ula ^5 

jLaiji iii j>- jjb ^j^ixiij ^uji o^ii ^iia» ^ 

<^L>JI ojJjJl a_SU? oIj-jJlJI j . aJI la 1 j £_~-jl £_jj^o 

j . A 1 .<fc « >T .» ]| l-A^-J A A Amt, I| A-Pj » >u 8 .liHtA tjlj ^ > llj 

aJLLJI j^L^o ^jlp ^|jL>c_i^fl jJLj ^/LjJLp-I oL»j_jj 1 :, ^ j| 

^ E ^1| A3 Hail ^3 Q jH * d «■>■».» ll *^a *^a >r»^ 11 . AjHjL> t .» ] | 

<iHail a_pH^ ^ jboj^li olkJLS j^Ua-qJI oJia o'^LpIHjj 
»!^ i 43lli^ L5^1 l£ ^ j3jJLi oJLjH- A_pH-i^ ^jo AJLkiLlJl 

.A3llaJl j^L^e <ya JbJbJl 

£ * ** fi J-* A.lfl li l \ AjUaJI 

J 5 jUJ| JLpLJ jJbj .0 yiil I Ha ^ 0 y o ^1 iSliaJl 

J^JL>iili . A3 iiai I ^ij -0 L 5 ^ ^JLj JLJl A3 Hail oil ^jJLflJj ^£3 ^JLp 

AiLlaJl j^Lva^o pJLpj ^jjH ^jJLp J^jLiJl cJccJJLjJl ULa 
IJla i-oJLa-gJl o^HJL ^HJWlj .iSHail L_>-jJj_l£j a3L^VH 

(j^Haj a_JLjLj t si 0 1 ^ yjjp t^jlail hA-P’iHSHI 
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oLjJLlil oJUb ^Ul jjjJlj SJLpUaJl iiLlaJl oL-lJij 

• **•>.» li 

L^llSsJl JUaJ 

ijiUJl pjJLiij JJfcu**JL) 2 : :2:JI : JiliaJI ejliS' Ijlj 

j»j j LaJL*_j ^JLajj i a ilj ^LxJl Oj-5Jl 4_il L ! 

£_jj j_li t^jJL>tJl ^ Halil dJJi JLaj iwjL_£Jl ^LsLlj .iSUail 

ISLiLjjJIj Ojlj->Jl p-JbLLj { J T ^Ijjd*l <Jj t OJJ+0 ^ iSUaJl 

.iSllaJJ 41 juj *\ jj \ JL^«j 4-HJUJl oJlA .4 jjI^>J| 


.4jjI^>-< 3Hail jjb 4I**lj* tfiil <ilkJLi JjSfl ^lil 

4 * ^L^V I ^ * ft 1 j 3 ll juu 4^ljjJl oJLa Li ^L^ii 
Lj>-jJ^>jh i* * ^i ^^ii i »» i **- a s'i^^ii 

''" * 4 

4-fljjJaJl ^t-L >jjj 4jjI jj>-^ aj>cJ| 43LlaJl jJL^slo I j_£J| 

oLjialil 4 _a-l*IjJ| 4_ajjJL>iJ| 4_iHaJLi jJL^o p^JLdli 1 ^ a m < ^lil 

oJub ( y^ r > .4 L/a il oli ^jJLaJl o^ILjo jljJL*JI SjlsIjJI 

_ dlS* 4*^ j3j tp^Jaxil jL>cj!j^H 4-Jj^Jl 4jjJalil oHjJalil 

^jIjHLa _ ^jjLjI 4_a_vs» j-i j i^ejLfl-s^il 4 _aJj_iSoj 4 (K ant-Laplace) 
.*^*iili icpLW»^l ijjJaiilj cSL>Jl { yj\ je (Oparin-Haldanc) 
jlSliSfl JLp tijUil JLpL-jl^ ^lil 4 -uLL>*J| pJLSj oLijjaiil oH a 
a */2 f jlj ^ydl 4 o*.ft ll oL jJLJl aaA'i I aIu^jj 4 <o^^*'^jQ>il oJbLJl 

.4-lj-Jl 4 jL>- ^ ialA 


^j3jjil iu-ljJb ^ jjOj (, 4jjI^>-j-l>«J| 43Hail 4—lj^ £y* e-L$lj Vl JLxj 
kiiii £-1 j j-Jl 4_^JLjJL^Jl 4_SUail ^»JLaj ^JLil 

c c LJI) 4 LjlJ| 43 Hail J c 4jj yil 43 Hail J c V-^il ^SHaJl LtiLo 

4 (^j-P-LJa-s^Vl ^j-3jJ|j ( 4_j j_a_>iJ| 4.JLl$J| j toL|-«Jlj 
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jjklj loljLdl yu> Jlo toNUJl y JjJjJI yj .yrjj-Uf!I 

^JLp^L-J 4 4jjyJ| iSUajl yjkjj eJLilSlj t <ijJL>Jl A-JaiJl Apli-^]| 

,y>Li*J (jL^K ^y 4-jjcJl o^LoJl L_>-yScdJ Aaj>«j ^Ul AajiJL>JI 
JjUi y Uy y iilkJl jj^ ^ tijLiJl ci 

j-A y-Sfl £yv5yJl J .A-J^JlJ tii^U-Sflj CAyUalS^I OljLlP^I 

A^yJlj A3 Ik] I oUSjil A^tili>o 


dU*»jij ;L-jy jisoSi 

ap j_>^5' ^jULq JJLu-* 1J CjL^yJlj a : : 2:JI ;JilkJI i_j\s5 o| 
&Ji jLS^I jLSjL oIjj-jJI ^ 

4-iLlaJlj ijj_ij»-SfI ijJjJlj t< jjI iiLUj t*Lij_g-£Jl 

t£*I>*-«Jlj AilkJlj i ysj-jjJL^Jl ^lva3lj c aLJLJI iSLkJlj i A^^tJl 
I^JUS'I Jl 5 ^l^yjl tjlj JLflllj ^ydl *****]l *A3LkJI c^jLa3^j^ 

oLvs»LjJlj J^oLSidlj ^>o aJLS3I ji+^ja JLp ^Lyi]| i^ly 

)l IJLA -klyLk^L) .QjI^ ajwJLo oJLaJ J J-v^LflJl i_—*l***^~ ^ yl| 

, A3 Ik] I j^oJ I JLyxj A-k-fciLuo ^jkXdj ^^o-oJl ^y i^li-lP^fl ^y 

oJLpL-^oJJ oIjl>-jJJ 4.^*1 jj| jL^iSfl AaJJLJI (JL/2>Jl JJLp^uj 

y t JLJI ^1 p , IkAyxj LlqJI aLl^j ^Jp 

dJUS Jjuj tAilkll o^j->tij jJL*i*Jl jjCLl *')}I y i!ta 

AaaaaJJI ^S3l p^]| l£jl£y jy^Jbj jjk j AaIl&Li^J C^Jl>*IaJ 

SjlpL^J ^JJl L^-JLSLy ^|jJ*i*J ^Jj .jL-^JI o^LqL^j ^|JL>*_iA>iL> 
£\/^j i((Sjj ^I J'^U^W'Wl y U^) JlySJifl j^jUSI 

A-^IjuJ oJLuLo Ajj la I it oJlaj .oljJLdJl ^y y>*Jl 0 J y^JVl AjjJaJ 
iiLk]| y olL^kj U^J yliil 4 aJ j *^a*j jii\j <Jj^£3 1 oyLk]| 

^ ^ ^ yLp yjUJl oJLpLfcAuj AaXAAa] I | I^SaJ lS^A>0 JjU «A 4*A>|» *A> )l 
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4_*ij jjjhjj iiLkJl _ <k£3\ J^j ^ d >0 

JL^I I .(ijjLlaAj'yIj i^LoJjNl) ijjjjJl Ailkil j 

4oJL5LJ| A.^Ull ^ xjbLuJlj L«JLo ^ ^ (jl j^jLiU ^lJ>j 

JL^» J olkJLS jLj- JS' i-j-oJkl A^ihil i**~3 Jl jl£iSflj 

oL-^LjJl 

J* Jjb JJfcu^JLl ^l!lj i-Jjftlll : iiQaJI calls' jJJ j| 

oL-^Lj ^ LjJL>- ^Jl ^jjjL^iJlj 4 <JjUL>JIj 4p-jbli«Jl 

J) ^sajJJ M ^o^oJLa J j .i-aJLSi* 

^ i^aJl J OjLiuj ,^^-jjJLj 41*J! ^0 

o^LJL>*j Jl J S^Lo <yo (jjL>*i]| j\ o!jl>-J l Jjj->*j JLp 

Jl 15 j^I JLki < TjjjL*iJI oJla ^ jujbJlj .i^Jl^>JI S^jl»i>o JL-u«J 
4^1p J>Lij j .0 j^Lfc«Jl <ilk]| LL^i3 4^0 JI oL^JLS J/aj^o JJL>J 
Jj J ^jLtu iSLkJl oLuL^J J 

• V'iJ^ hj Jl Jrl 

^L-il JLp J : 2:^^»1J vTjL^^iJIj 2 : : 2 :ll :5iLkJI c-jLiS' 

JLp JL&l!|j J-s^lilJl i^lji J^l JLi J5 jUJ| oL J>^lij 
J?j-ilJl (JLoJj^'yi (wiijjtJ JJo 4 S JL JL>- oLs^Lj ^-jJL^j JLLPj .J^Jl 
C-a-u-Ljb ^ jl^ja JLp 4u*jJLSj 4jU C^yc«j>cJl ^LLl 1 Jj| jl 

4 <JliuJl J a^x JLc- • JoL^iJlj J^LidL <JJL?- jl! ^jJLSI *IJLU 
.t$JL>- pi** ^ *jI ^1 4 JU^Lflj J| p|j!l { jpyCL l— 

^jJLSj 4jU 4 4 JL -00 JJ JygU: '^h>- jh^S/I i_1 laT li|j 

J J^ 1 J4j-^ J 1 ^ Jj • 

^ej> J 0%>LSi3i 4 J-T Jl!U^ .L^L>«-s4» ^j- 0 ^fl>»lJL! a}*\m 
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jJL LSLjISLJ <J^1jcJI JLp (Jj^>iJ| <aa^S' 

,o^Lol£i]| J^JL>- 

J-jJLlJI ! SJUaJI ^y ^JL^JL-ukk-gJl oL a., y?LjJI ^ 

^lvs»Ij-<JI Jb JLaJLS ^JUilgJl ,y>jjcdl 

j-gJl ^y yva^i^uJl (J JjW*^ Oj* <y 

L*_)N oL^Lj^JI ^Ijl>cJl^iI 4^SljJl ^y .a-aJlai J I 

y ^IjlpWI y JbyJ i^pj *lyJl ^jJ cJLS' li[j .j^jUi] i^L^I 
jl iyUJl oLvs>LjJl <-*z£ ^ ^ *oL*£Ij^JI 

(Math Refresher pUJLaU v^L-^LjJI ^±*1* ^ ji 

IJla <JAy cyJb y t <JLiJl ixJaJl t for Scientists and Engineers) 
.2000 y Wiley-Intersdence yiJ j cybS3l 


yhS' y ioJbLJl o^ULi yyi^ iilkJl y JS' d\ 

kA^jyd ^.A y^ lygJi ^ y J3j , .g 11 . AiUaJI 

oLlilJlJ t^yLLjlj t AjJUI iiliaJl y y ,/a^uJi 

ol ^iyuJl yo yJl i-j-L-yjJl AillaJl oL’^o LS* OJL>»I^gJl 

s^LoJLj ^LqJWi ,y^ *t» » iij ^l>ji Oj-5Ji iiLU g-ty° ^y 

A3Lkii ^ y */2 ~>r «>g 1 i ^*yj i $Lg.!I ^ y 4-flJLfl-g*Jl 


A2-J^ 4^15" 

oljj-5-«J ^yLs^j, jl ^-»--Ll^I c^j-nLijo 4 —jLi£J| Ij^a oj, 

jygS* yjLlSJl C^oJbkl^il JLij .AiLLJL] Ay>i^gJl ^IjJLSI 
hApLauJ j.A«/3'O j^JLoJl IJlAJ .(Lj> ApL» 48) AaP j \*.*\ vJjlpLh* 
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j_j ^JLp LJLjJI oLIjJl!I a-*_a^qL>«J| aJL>- 

jLi^Ij t <jiJLi>il^J| iiUaJl aJLLjcuJI oULaj>c1^iiVIj j_>oo 

A3 liaJLI I A^f 1^JLlI iZ-j\i AA^ljjUU A 3 U 3 JJ jJL^Ojo 

aLlA p-UapI ^>0 

4-0-P3 J jl 

^-■ — < ^ AJCkd^Jl *i 1**-^^--Q-1 ^ Aa-l^LijO AajiI^ - ^>JLj2j ^ * */?-Qi 1 i 

op-1 jJjJLj c_jLi 5L!I ^1 j-«Jl » j jjL*J .A^IjjJl apULSI 

dl * 4 j^o iiL^J J-Ja-flj cLIjI jl ^JL>c-o ^oj JL! jL? lij A-JjSfl 


^la */ 2 ">• ^J-sa 3 ^-kiL*Jl t(Jl-JLoJl ^Lp »A-k/?L>«Jl 

oLjj a ^ ^ il <wJ^LlaJ A _?jJ jl 0 jjL>c_j ^_£-<k_jj ^jjjJl ^Llia-^'yi 

• A^oJLdlLcJt 
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jXaJLj ^jJLjI ul ^jl 

iJj y^\ i—JLi^Jl p-k-J OjLaj JLsj .J jj>- 4-<»JuaJl j^JiLla^^Lo 
^j^Loj L«l ,j jju3\ Sj^i 

.iSUaJJ Lm\ jjdl J ^J^iaj I jJL>r^t JLfli ^ ^L-jSfl ^jA 

U$aP* <^1 ul ->jl US 

Ua>- ^1 ^p Jj^^Jl IjI t^kJLjj .i-jbSGl IJLa ^ Ua^^j>-j 
• tSjUJl ajJLj jlS jJL*j fe\ jj5L-j JUpJ jl 

o o^ 

2003 ^jiSl !dji\ 
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(1) jl ]| iSUail ^yJLp t-JLkSl ab_)j £)f ^uJl 

sL^- Up jj ^j-p i^aJL! jIjULJI ju^JI ^j^AjJIj 

iilk £_jJ-«^j iilkJl JLp i r JLkJl UJ^ j .Lj_*iklj-«J J-s^il 

iJJUi» SJLjU* iilk 5JLSLlj ^ WUill jxu ^^aJLp (Energy Mix) 

•*AP' Jr 0 aU * A 5 ^" Jl fAA 

CUlS 4jUJlj t-kiiJlj Ji-a i^jjJL>-^l\ .JjijJl 

OyiJl <y* <wivalJl aJUojLJI ^^5j-!l O* 

'yLalJl j 4 la7 ^j-ij A * llJ ^^UJl Oj-fiJl iiLU ^jJ^»J olxi jJlSIj 

IjjIjj ^iSI jj I ^ ji jJJ iJUJl oUJl L>«jjJj 

J./3 a !| J. i:!L oL*ijjJl Ulill^j .iilkJl j^L^J 

. j-ktp ^-*>ol>*Jl 

iilkJl i-^ftl £t_v? j±j t iilkJl ^jjLj J^ajLSl I JLa ^JLoj 

iilkJl o'y jj>tJj iilkJl ^jblLo ^jlSj US' toL-J^/l oU>- <aPjJ ^yip 
jA*<a*/a>zZji i^UJl (JJLo <jiiUj cUSU**>l£]| ISUlSUJl ^ 
.A-jcUaJl (j^jSlI ijlj^o Jp P-U^jls J*ULS iilkJl 
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JJUiJlj Ol J>- ji\ 1.1 

^yi If-Jb i AjAi^a oJLJLp ol JL?-jj 43 Ha] I < *^P 

pUaiil ^ (British Thermal Unit (BTU)) UjlHaj^Jl <±j\y >Jl SJb-^1 

(cgs) IJ^‘ - fl> c 1 -^' ^ (erg) £J>fl c^l 

(System Internationale olJb-^JU JjjJl ^LkJl ^ (Joule) Jj 
(SI) Jjjil fUiJl v b£)l IJL» J Jij .(SI)) 

aJUp J■ g UojI j ^^ LufeJLp a>o i• 1 *>»"•.i * ■ ol-ts-^JJ 

.AiUaSl jiUa* (_iUUa AjjllaJl 

si ou^ii ^ ^ a^uVi oi^i 

^LlaJ ^3 L-Ajj^qjj 4_a-l*L--S[I Cj\Ju>- jJI (1.1) JjJL>cJl 

oJUb ^*^0 olJLj^jj| .SI olJL?-jJl 

.4^fLk^fS[l jJl 

^ . (J) j-A olJL?-jJl 4iLoSfl ^ 

ui~?- t <ilA>o 4-u*£ iSHaJlj .<3Ha]I ^j»L5 oJL?-j j_A SI olJb>-jJl ^Haj 
^Llaj ^3 SjJLiJl ^Li oJu^j (Watt (W)) 1*1jJlj . 1 J — 1 kg. m 2 /s 2 
4 d A *t A £jJ>-\ oJu^j iJLUbj . 1 W — 1 J/s A->- tSI ol JL?-jjl 
4 A .*> A *1 il o J .1 il oJL?-j ^-A_J (Watt/m 2 ) 4 -Lq^JLu^o 

ojUI 4 r ^iH 43 Ha] I jljLi» 4^-^iJl SJLiJl . (Solar Intensity) 

43 U? ^A 4 43iHaJlj ,4lIxjo 4 -Jjoj 0 jl3 ^ mis a* 4j>-L-uo 

Jju>- <^jL-u 2 jJL«/-1?Ij JL?-Ij ■«■ .1 il ^oliJl * j ^ ]| 

.oJL?-ljJl UJliJl ^3 £_j j^o jJL^o JL?-lj SjLJl 4_iLlaJl {jj* JL?-|j 

iiUaJl j_Jl ( y^u OjLLaJU 2 jJL^o /H?l jJ| oJL?-j 

. V liSHl I Ha .AjJaII US' ( 
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(1.1) Jjjbjl 

SI ^Uai ^ 


3*jJt 

4**»*L*Sl ljl>-jJI 

^sLjjdftll 4**£H 

m 

(meter) 

J>3I 

kg 

(kilogram) ^1 jJLS' 

<B31 

S 

(second) 

0-J» 

A 

(ampere) 

,/trfOl jU\ 

K 

(Kelvin) yalf 

ojl j^A 

mol 

(mole) ( J y) ^1 y *d>y>r 

s^lll ^ 

cd 

(candela) 

o*L^Vl oJLi 


Lo C jl^JL j LjJJ t Lla oli oL^Jl ol 

^ idUjL! .|jb>- s^*£j| Ijl>- o^JcsaSI 


J WUas , 

Vk«^' 1 

oL*£Jl 

JLj JLaJ | ^ a3 yLJL^H 



i o^/L>Jl 

^yaju ^ .iiUail Iji 

A Bt \ * w " ■ ■■ <\ 

ooLiJl obiUlj .olfcL 

dJJij <JLp 



.(2 

.1) 

^ SI olJb^l 

A 

SI 

vU|JL>-jJI ^Ua> 

j uui. 

lTjISjUI (2.1) l)jJL>JI 


yJ* 

a»ui 

J-Ull 


jx>ui 

J-u» 

d 

(deci) 

10" 1 

da 

(deka) ISo 

10 1 

c 

(centi) ^ 

10“ 2 

h 

(hecto) 

10 2 

m 

(milli) JL. 

10" 3 

k 

(kilo) jJLS' 

I0 3 

H 

(micro) j J*y 

10"* 

M 

(mega) U*. 

10* 

n 

(nano) y\j 

10- 9 

G 

(giga) Uu>- 

10 9 

P 

(pico) j£j 

10' 12 

T 

(tera) 1 y 

10 12 

f 

(femto) jui 

10 -15 

P 

(peta) Ilj 

I0 15 

a 

(atto) y\ 

10- 18 

E 

(exa) IjSj 

I0 18 
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4 a la )1 y* olJL?-j i cyLlSCJl iJjt ij*-*-* 

y 1 ^ 1 iULll* ^ydl olJL>- jJU 5JLJL«^o culLS* lij c ^ y-1 
4 _lp ^yLkJl ^jjLa^Jl i .iyJL*Jl oLSJj-Jl 

*yLSo ^jIJLp Jb»“lj 4 (Calories) iSlJLiiJl oly-^-JL LJLp 
= 1000 01 J\) 4.184 xio 3 J j] (Calorie) y~ yJ* 1000 
y> j .(Quad) <yb oU ^y 4 SJb^j iJliAj .(1 ^Up 

iSLkJL <iJLicuJl oLt^ljLoJl ^y LJLp ^ 4 <illaJ| ^y LJ£ oJLyj 

.iSliaU <yJL*Jl p_JL!L <*yi\ y ijUuJLS <Lli L$j^ <yJL*Jl 

10 15 ) iJlkjy 4 _jjI y- oJb^j JyJLjj^lJL?-lj ^jL-u ^1 JL?-ljj 

Xio 18 J LjS j\ BTU 

jjI yj AjjLLJIj iSUaJL ^LJWl Jy-SfI y j 

r ijbk^i ot wi toijb-Luis Li- js r Jbk^i iij aitii 

v_-j ll£S I yj ^ Lu p . la w a . ^Ji LJI 4_5l la 11 4-dJLl_>t>Q dJ I JL>-^ 

fLiaJ Jj^JI <y 

<y (g0 dfJ^-J *y4 ^Uki ol-A^^U 

.yjjL«jdl (Jl.» SI y *3 jlpL^i^ yJl cj!jl>-jJI ^jy>«_) cj^LqLjc« 
y Jjy^lJl O^LoL^o y 4 -LoLS' 4_Py^>~o ^yip Jj-s4SJ>Jl ySikJj 

.iJWl olilyJl 


^Jbjl JJUill 

i^L-*Sfl olJb»-jJl ^Uaj 4 JVJb JLaj yp y£^j 

y-£-*j 4 crtUJl yo JbJLuJl ^yj .(1.1) JjJL>*Jl y 4 JlL-«JI SI 

Jj- jl olJL>-jJl 4-<JaJl <wiJjL>n^o yj olJL>-jJl J^y^j ^ly^l 

ySlj .iuljyiil oLXII ^Lul JJL>^ dUij Ijl>- 4jJL 4 J4Jt—^ 

y>0 JJ ills' y> olJb>-jJl ^y iyyJl ^Uai-Sfl ^^lill ii^li J^laJl 

.4 j 11 aj oLL-^JL 4JL 0 oli isljjj < wS' JS' oJb*-jj 
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4 SU 2 JI J-P 3a7>u0 oJLJ 2.1 

<JjJL>tJl ^Ujj .^qJL>c^qJ| J^3j £-° iiLlaJl I ^Ujl JLSJ 

j^op 41*J 43 LlaJl ^y» ^^Jl *>LS l^jJLij (3.1) 

Of iiji' ^^lil .(Cook) 1971 iS^ ^jU^Jl ^pUs^I 

^a —a j*/ 2 * li oL—u^/i t *jA 4^JL^I**u«J| 43llali JL j >-jJl jJLva-oJl 

Llj^il ^3j— jU-J^/ oLS' iiUaJLi ij j_S jj JLflj j .*|JL»J| oLS" k^jIjlJI® 
oi^j ^ sLj>iJli 4jjj yj? iiLiaJi .4i— oj-JLo ^ji jj >- ^ui 

^IJLp jjt— 2000 La.AiUaJJ <JjSfl jJUa^Jl *|jJj| 

^ P'lhiill yo («8MJ) 

j */2 w i ^ & 11 ^ w ll jLJLj ^-Svj>*JiJl ^j-Lp ojJLflJl o| 

jLJl dwoJi .^Lllj 4l3JlJJ i»Ja>cJl ^JL>*I**j ^LJl cJUj>- 

jJL^o c_Ja>J| jlSj .c_jj^£ll (jl CUP Hal—I US' JJLSl ^3 * 
oLS' 43 IUJ ^jub .^lSLJI ^U^l ^ JjVl 21UI 

.i- 100,000 J\y~ Ji LjjjSf 

^*t> 41 i .oLI^*j>cJl ^^Uii— Lj «4J|jlJI 4_pI^j^JI® ^. 4 p 

J^?L>il-<jJI ipljj ^3 ^_7jlpU—J oL3lJU jli—I ^JLp ^jj^Li 
4 JJ O yr^>H I^jU' U-o j£\ p-Ijlp JLp SjJidJlj .^Jj-^>- cia 
J^LjJLS oU' 43 UaU li^ jjJuoj .UpIjJ 4_pUv? jJUJ IjjU- cuj>«^ws>I 

.^>LJI J*3 5000 ^Lp ^ y*- 

loJfeJl ip|jjJ|B ^,/ip <J^U- 43 LlaJl ^ jLjj^cJl I 

<J^L*I—V O^Sfl *Laj ^|JL>*1— I ^LJl c_3 y> Ujip 

^LjjJl ^Ul I t4-ya^jJl j./a P J^ljl JjJL>tjj .oU«Jlj ^LijJl 

CUi-fUJl J 4 4 ^ 4 ) 0 1 4 ^ H j 4 4^up| ^ A 4.*)l ^3ijJ 

iSUall V UU %oLp .ojl jlJji! ^ 
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Ljjjl jL£ iiliaJJ i3jjJL5 j # OL*-JVl J1S ^y> 

.a^L*Jl jlaj 1400 ^Ip 

\J~j3 3UJI 4*^1 (3.1) JjJbJI 



s 

* 

I 

3 jiil tyyifli 



^>t 

J 25 

4plj^J 4PL-^ 

J y*+ 

*L1p 


2 




2 

yM 

5 



2 

3 

JUaJI 

12 



4 

4 


26 

1 

7 

12 

6 

I«JLiII ipljjJI 

77 

14 

24 

32 

7 

iplwaJI 

230 

63 

91 

66 

10 



.Cook, 1971 : jJUddl 

JlLmj c^ip-LLs^aJl® J_va-P ^jL>«_Jl k—^51j 

JjSfl iSLUl jJUa>j jLS' .4 -OjLOo <SLi? ijjl^>J| iilLJl 

^jij jjbj c ^ 5 I J?-j .ijL>tJl olS*^ jL>*Jl JlJ ji5 

^L^Sfl jJLk^-«J| 4 djLjlJj C^kiL>cJ| J>t-o 4 jL^J|J| ^3 

^y> JiJlj J$—I .-LpLlvaJl JjjJl ^ 3LlaJJ 

ulS* .L»^joo J>qL* 2 ]| 4jj »t/?j Lo^-ol>b_p- ^ JLiSlj 

oljlladil JJLo 4 0 j-a-^JI JJilJl JjL-*J-® ■* J -*J iJL-i-o ^jj>*_>«Jl 

ciailll .4**/a>«^iJl JJil!l JjL-*jJ ijJLp^o ulS* 4l£J 

4^a£JI ls Ls> csjLSI JjI—J l Ols' i3jij j-aj 

01 ^Llal^il 4l£J j_>hj>*J| C4il5' oJLp-j JSO 43 Hail ^y Lj yj 

4j>-L>*j JauaS ^LJl 01^ .oL)lj>Jl yj c-A-uljSn -t<J^>- ^y JjiJLlj 

3 Hal] ii^ .SJ5L3 p\ JO Jaidl J> 31M Jj^ iiT 

Jbu 1875 ^Ip ^1 jj>- I0^ 


30 






<jlolS' ja / 2 S> . ia.xjjj 

^SUj JWjLI t5lolS' y >x ^°j .UL^-SLl olukilj ^^JL^IjJI 
j . lailjI LjjJ US' ^>«L>iJl ^3 l^iS* OjUu 01 

*>L oL/» apLvi] <jj* p~j Jli3 

L5-® jj-^l JJ-^ f^l JiiJl fULj .ttU^a^t 

tUUJb UjLLo t p-Lj^-SUl Lot .^JL^IjJI oLS^_>*_>q 

jlJjj Ulajlj «tSjj^^l JJLo Uu-L-1 aSL? j^Ua» j^o UjlJjj 
pis'jj> n U L ! ^-IjJl ^|jL>cJLL*^n U)LSLo| poI 

ULaU jJL^^S' *L^$SLl cj\^~o ^jL?-jj .UL^SLl jlj-)Sflj UL^SLl 

iJ j-S JLflj v_ ^*-maJl AjI 4Jj^j-k-u LjJLdj ^SUj AjI jJb 

,^L*J| JLaj 1970 ftp ^]| oJb^uJl pLN jJJ jU A 3 Lai] 


suji jlp^, astkii 3.1 


oj jJL\ a sLj>J| a_a_p jJj iJUaJl ^ iU ^_aj U5LJI Ol 

tijJaj <-u-Li ^j-SUj ^jli ^j $ a* SU>J| UpjJj .a_aUUJ| pLaJj-«Jl 
Aj^UJI A-L*JLl]| J-lU jIjJLo uUhj oJL>«I*J| p^oSfl *oJbJp 

Up^LU JUJb>^L . (Human Development Index (HDI)) 

^ \ Jl>k2LlX Lj a] jjLl ^ y? Ajj**yJ| Aa^O-aLI ^*a*J3J AJ^*a*aJ| A a << ^ aa l j , 0 L>*J I 

^jLJI^ tA_3LjjLl_j t^_3jjLoLi la a*jJLq !p>Li3 

^SUI JUj .(Gross Domestic Product (GDP)) ^U^)M 


^Lu jAj aJjjUL! oLoJiUSlj ^UJl ^ ^UJI 

jA *^al| ^'J^ jj*+ Aj^jAA* a] j A A >< ^ A A l i .aJ^JLL] ^1 a /3 a 3 i 

-O- 1 jA A^all Aj^jU<iJ| AJ^AaAaII A A^ A A 1 I j-!lj 

^c^>t a/ 3 li Jb>-I jJl AjjI £ i A^uLl Lol C 1 a a a»> i A *^3 A>x^uO oU>- A^P^J 

.aJLp oL^- AaP jj ^|Ul3 
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Jjill ^jilua JjlLa S.WbaN AjjJwII A j 4 nil JJj 

1999 iliULu — A£1 ^JLula] 1 fLij^SJl 



(kWh) ^1^11 cLj^li 


f Lj$£lJ fj J) u u\j tifcA ^*1* *iVi J AjjmijII AjajjJI I (1,1) 


A A 

4—^JjLiLa Ajj-JLJI A^Ilil LJLj U^*> j (1.1) 

^ L^jL^aai ^jlp ^*_U ^ill (J^>-iJl ^w o~>cJ sS^^lU ^jA 

*Lj J-g-^Jl <l3 *^h ^ A *■*> ' i^-d_Il L** «s^» j . A ^^m J O J^i— L>i 4^-3^! 

* 

^jlp ^JLp LoaJ jjJl ^13 A^l^jLw**»<»JI p-La^^S 

^JS” aIx^I^j aSCI^:.^!I j^>S\ a*^S la.*). aJ^jlII 
oJlpU eL^_£Jl ^y> a^iJl j .aJ jjJl ^ zji 

^iJutiJl oli J jjJl pL^-g-SLlI ibLgJLj ^ aJjLLJJ i£ j^La 
^J-Ji oLjU .j*k+s2 .ll ^L^Ul ilJL*I_!l olS (JjjJlj ^-«-^Jl ^l^-A-Jl 
j_jj-5j 1999 ^Lp oLjLu JjLJI Jl^-JLII ^ <Uj_JLJl a^*jjl1I 

oJL>«JL<Jl ^8^1 ^oLjjj] 2001 ^LwJ Ajj_JLJ| A^JJlLI oJLj>«JL<»J| ^-*^1 
ifeL^Vl ayUl v *^.: oULjj 4 [2001 4(UNDP) ^UJ)fl 
oUjJl*-* 2jta[ j-jj-H-j 1999 ^»Lp oLjLj pLj-g-^JJ ^jj^JI 

4(EIA) AiliaJl oUj-U -0 0 jb|] ^LS^o^l iiUaJl ejljjJ i*jllJl AiliaJl 

.[2002 4 2.6 JjJb>Jl 

A^oJfclil ^j_J^ 1 $jwmwJIj US' 4oU>J! A*P jj O1 (1.1) ^jjxJLil US' 

ol U^jI {jiryiJ • (J“* ^ j-^ iJ^LgJI-U S^LJ ibjj 4Ajj-^-Jl 
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^ I jAa***} Lj oLa^x_JI a^p^j ( ^ |JLu j v A-«_l’3- , >" *-—-i o^L 

^Ii-Lp| . 4000 kWh ^j-d-U ii*!A^« *.*>! ^ajjj 

.(2.1 JSUJl) iSLlaJl ^y> ^ yd\ *} SHUo ioL aS^Ap 

JjLLo AiUaJl ^^AJl LjLj Lo.**»j (2.1) 

^ t LgJl^L* ^jlp £-U Jjjiil ^~cr^r ^ U^U U«Ul J-Ja 

^JUjlJI IJLa aj jJLJI A^ull oULj .U—J oj-Ji-a Ju>-!j 4 ^ 3 ^! 

^1 2001 ^L*J aj^JI a^oJjlU o jijJ& (j* 

^ ^ tJ iS\ cjIJLjj 4 [2001 4 ^Ujyi SJL^uJl 

AiUaJl oLo jJl*-« ojb| ji j-Aj 1999 ^Lp oIjLj AiUaJli ^j-L-Ul 

of JSUJl jI^jj .[2002 iE.l JjJU>Jl iULkJl oU^JU* Sjbl] 

^ US'j .Aj&liaJl 3 jU!l j]*A^:U UL>j £-* atajJ oL^Jl UpjJ 

UpjJ ^ IjLjj Va : U c—J oLjJl jb i(l.l) JiUJl 

jjU AiUaJl ( jja ij-dJl iJ^LgJLwnl ^Ajjj LoJLLP jl j-U^^L aUUl 


.200,000 MJ 

ijA J< flj«V) JjljLa 5 l«KJ,al| ^aSll AjjmuII A j anil JJj 
1999 ^Ip CjULli — Ljjjajj A Slfl lui all AiUaJl 



(MJ) a£I^ 1I AiUJi 

AiUaU ^jUI d^U-VIJ AjjmuII Ualtfl :(2.1) J&&» 

OIjUJI Ajj^JLJI A^oJjd! JU ^3 (1)1 aU>- , A*» ^jJL>tJl ( j-o 

<K» 

^UJjMl |*-PjJl ( _ r Lp 44 JUJI 80 .sj-Lp- ^yi 4 J 4_^<2_4i^o 
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cJIjIJI oJlA .Aillajlj ^y> i .jjiJl i 

111851 kWh) j-Ja-Jj t (HDI = 0.818 «,13082 kWh) c-_ 1 j_SLJl 
« 11039 kWh) SJL^ : «. 11 4- ! _ 0 _«Jl oljL^Vlj t(HDI=0.801 
J*> Lo (JIjlLJI oJla jISL-Jl ^jlp .(HDI —0.809 

J\ XLtyij .(1999 r U J [ 41 * J£3 3 ^ 

A >3 ? O^u,^' 1 r. If 3 La^ ~ j jl-LLJl OhJLA ^ y) 1 ^ 11 jU 

<«■»::!! JJjl! <Sj^ JJLJjuJ ^yJl OIjlLJIj .ooLKj 
tL^-J obL^iiVl oli JjjJl caJuJI 90 ojjL>cijo 

4 oJLp^uJI i^JLwJlj 4 LJl 4 1 jliSj 4 Lyjjf <Jj a J4- 

JL*Jl Ji Js*j OlJULJl «Ia .sjl^lJI oLV^J lj tOLUlj 

^I oli oIjULJI j .ila— jI^JI oUxlaJl y L^J 

424773 kWh) ^ (1.1) JSLiJl ^ >L^£3l ibt^l ^ 

Ll^j 4 (HDI = 0.932 4 23486 kWh) IJ : 1 ^ Jj 4 (HDI = 0.939 
^ ^ dyUl j .(HDI = 0.936 4 16315 kWh) 

. 1999 ftp 12838 kWh 01S (HDI = 0.934) oLV^31 

^JLSLtJl J>lJL p| oLLJl ^|JL>«_I-^i| Ls^ljI 

^jJLp c^JLlal i ^ jlm £$ jj L^IjL^^I Ls ku\ (2.1 )j (1.1) 

8 ^1 y- JLLP ^JlaJl oK- ->JLp jL y>jlkli .iSUaJl 

0oLSLJl olj l^UJI 0 jti\ ^y a*.**.) 

ift-J Lj yu Jjb j) 0.9 4I^J JJjb oLj>- i^PJJ 

oJLa .((J-ulj-L>#pj 4 LjL-l^Jj 4 LJUajJ aiUl>- ^yJl <j j*t ,*Jl 4 _*-«jli3I 

JA (2.1) JiLlil y i5LkJ| ^yip 4-JLkJl y * jk Jl i, ,.,/ai jU 4 <JL>J| 
1500 quad « 1.6 x 10 15 j\ 4^ljJl 200,000 MJ Lj^ 

jaLlj Lo clJJLjj^l 6 Lj yu ^JLJl ^JLaJI oL5L># ^jlp . MJ 

4-JdaJl 04jjvai3l ULj-i Uijj . 1999 pip iSLUl y 387 quad 
I ^4-iL-k^l i*jjl Lj jj£ pJlaJl p-L>ol ^«j>- y iSUaJl ^ylp 
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a*/2 tj ^UJI oj-5Jl <jLjJ JjJL>«-j 1999 ^Lp ^ iSLIaJl 

68,000 MJ ojJli Ja-u- jJjo ^jjo 01 iiUaJl i3^Lj-Lu-l ^ *jii\ 
OjlL^il 200,000 MJ <«.«SI 1999 ^Lp ^ JL^IjJl 

jJl ^ -p j_j 4_*jL-o«J| 4-JLuOI oJjb . 2100 ^Lp jl?0jJI ^yaj^JLlJ 

JJI ^JLp ,i 5 UaJL! cJOall oL» 5 jj ^IjlpV Ljj pLudil ^yJl oL^ 

01 ^ ^UJl 04jI$J ^ iiUaJJ i^JLkJl jj t^jJLflj 

.CI43jJ| kiUi i5UaJl ^ ^ y*^\ 0150-Jl ^>^>0 ^jlSj 

a^isLJi asuji 4.1 

iJLlaJl iS^Lf^-l 01 3.1 ^ iijL-Jl i-^JLuJl y 

j-^>- jl Lf jLij--i ^Llaj <jjl lijJL--j .oL_>iJl <-*_p jjJ ^L*l 
4 JWJU oLp iJLlaJl ^ J) 4 a A <wi-Jj-^-J ^Juj .^LlajJl <SLl? ^JLp JLqJLaj 
IS^JUI i . l a **.* j ^^LoLjJlSI IS^JLJI 

^jJLp o^Jj-«Jl j-5Jl Wju p. «■*.*,>«J ^^SL^LjJlSI 

^jJLp J LoJLiij p. oL5L^LjJlS cJLv?jSflj 

ol*£> otiijU^o oi^p^v? isliaj .o jJl!i j-p Ia^l^pI ^ ^iS'i aiwi 
^ UIjlpL^iI Jbu Lo _y [,» ^ iiLlaJl ^JLp c.a>hj 

<-0 j ^:ijJJlj (Nuclear Decay) jjJl JJ^<> yblj_fe 

oLpL_^JI ^^LJLjJ ol J^-5j . (Solar Photovoltaics) 4 * *~ «■ *t il 
IJj>-j^o L/al jjCLlm\ Njl ^JLaj ciiLlaJl JL) 4 ^SL>jLuJL!| 
pi*■»*.** I J j3l kA_dJLj ^ jfJLi liJbA l. * / ?i j w * **1 

.cyb£ll Ua ^ja ^J>-\ ^51 ^ ioJL>«i k - fc ^Jl 

^ycL-Jall ^JLmJI A-^Ul ASL*y&\ dJlS" JLd] 

(JQaj ^jJLp 4 -Lli f'L^iSl oLjjiali ,<^q j-Jl oL>JLS 
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aJLJLqSH (j/i * )j .A *» a a la Si j_a| j-laJl l a a a-> < £*l*Ij 

^ >» A A* t A-A-^si a a.^I P” Lj^A-flJ I l A/a.I.>- 1 ^ ■» a/? ^-jgj ^-a-JI A_a_J Lj^aJ2_1 I 

^^iJl cSLaJI oljL-u -j Jjj>- Lj-JljlJLo ^ s jLaJI c-^Slj-£-Sl 

l AjoLaJI aJ^JI o^j>-Sfl £jA Ju JlaJ| J : * <. Ai j-a/? y oljL-uo 

A^JajSfl oJLA ,y-T i-Jj+^ua <yo LjJLilll pllJI ^ o jS 

luSf (Macroscopic Systems) KaJLjJI ioJajVl® L i*iyJ L* LJIp 

ob a A la iSM Lo| .a^oj_pJLqJ| j_a_p Li-LAi|j_>*_j Lj_la_^^>Ll <j| ^L?^ \ 
1^+ a^a» toljJUl oLjj iJjJL* JJLo cy^Sfl ^-a^UL»J| 

J UJb Wj (Microscopic Systems) 

^|ji>tAAAilj AjA^J ajSf I c^A^gj pJu 9 • AaSLaa^^lSGI *Ljy]| yj® 

^ji ^ a ^j-A Aa^ a a«^L^]| AjliaJlj . Ld-^-'V 1 ^ Aht d a AAi I f~ Ljy*_3 

, AalSLaa^i^lS3| P-Lyulll y-V? olyL>e-<jJl A3 Hal] 
^3 <a^a-lai^lSH| I^LSLJL! ^jjyO yjyJ ^>c-k-*^ j^kiu 

Aa V aaL)I UmJLAJD a^iLyil fciUJI <JL*j Oy^lj .1687 
JLp oj^li aj j-laJ (Mathematical Principles of Natural Philosophy ) 

oJ a a aa> a AJujJaJ CIaJL? ,A_ajLa_*J| A_S^ y>- <—a a /?j 

oJjb AaIsILo Ja 3 .<5y>JL! yjyj yj|jJL) ^yj| Lji yj <aaa#Ll># 1 olyji 

.jLjjJIj jLSHJJ yy ajjj ol |* 4 -JI y» AoLyyll 

olflA^aSl y ^JLp ty yj a^a-jJLj jL°jJ 1 o\ 


4AjIS Jb>- c jlla^il ob^Jl 11.1 Si^aJI 

JaLjjl y-o ajL^jJ ^ A-k/?L>*_il AJL*^_Ja yjsj 

y^oj cA_v»Li*Jl Al^-pl-a-J? ^.i t j 1 l a .» l l oL^-«Jl .. . . jL>- 
LljLjj Lfji *t,~ a LoJil^ ^-5 -a-j i p-^-a^ JaLjjl Ojl 

. (Wolff, 1965, p.159) 






C-3 l ■» ^ */2 ft i ^jp O^-flli-n-fl Ol 

,i*5b jLojJl ^LxjI ol ^ jJ JLSipI 4^ylJjJl 

^j-i]| <laij ^ y>-j ( j-»v3Li <jl£*Jlj jLajJl ^IjJb ^IfllpVlj 

^1^1 jf ^ (>» oULpJj 

* 

i5ydJl j-*Jl jU LSijj .jLojJlj <jl£*Jl oliUaj 

4 a a i ^Ul JjL*-«Jl 'j* a 1 < jj jji cj j-l^i 4_P^Lj 


a]ojOj ^P jial]| ^yixj ^yb 4do jj| oJUJl .i3y>«I*Jl ^P ^*J| 

^>*—•* b| t cLUS ^lp • (^j-s^dloJl CU3jJl ^^>c-ktJ 4ylj-*Jl 

jJb ^JJl jU?J Lf* LIjT (jLftij iJy>wJl 

^ySfI <JjjJL>iJ| L^a ill lSjj>cJL«Jl j_a_P c-—&l j-«Jl jli 

«L^j jl>tJL1 

^y> 4 ^^iLjs jlajJlj jlSlflJJ ^y^-J ( # j4 J ^ 

cIJLjjL-l-J (jj j : ^2 ilj lijj>wJl ^yLkp c^LLo ccujIj lij .iJL»^*Jl 
jly*JLi (wiiljJl ^ya^lJl oU (JLp-Ij d*3j ^y ot>*3 <jL>*ldj 4S j>*Zj *Jl 

(jjJL * */2 11J Lla_P LmSLjI \Sji *—* J—- <^JL>«JLJ JLftl *t «. llj 

j l5 j->i^j Lis' ISJ ^cSj-^l <^-^Lj ( yj> .JLp-Ij d—3j ^y jL>«JLaj 

ol ^P £t*v2J ^ j-J ^ <jLi <P^J 4 jjLjLo 

* 

• Lfi^-'V 4AmaJ 4**>$LuO ^***« ,4o»*a*oII 4 JjLj 

cjIaa/p ji Oj^LJ ^oLojJlj ol^«-L] ojj^j JUai^Ljj 

iSy>Jl Ob cJjSfl 4jyLdJ LSijj .^L-lp-S/I 4S y>- jJ ^3® jl 

Lo 4 jL^j ^ Lo ^ ylj ^********* *■*^*-1 4P jLdJl jjiP 4 ^ laToift ll 

«j* 


t)■->- ( JS^ i JjVl (ijilSJI :2.1 Si^aJI 

ilDu j^iu (jJLf j%-5 L« t ^ Jaj- A a la**. < jl 

.(Wolff, 1965, p.166) Up jJjj (jy ^UJl 
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4 -jb j ^ a a ^-SLaJI ^**Lkj*Sfi ^-A ^jLaJI o jjL*j 

: til**!! J ^531 i^jL-j 


Sj-2Jl £* iS^p*Jl ^ j t i> *l l .»Ihj ; ^lill ;3.1 Sa^JI 

4j ^ .a'.^n ll Jaitll oL>«j| 0 j^-u 4JLpLa]| 

.(Wolff, 1965, p.166) SjaJI 

.^JliJl O^UUl ^ 5JL>- ya JjSlI O^JLaJI 01 

^A ylWlj Lf* J^lJl iS'^sJl 

^j-9 <ll£Jl _ liJbA ^ A^fl 1 i ^ *— >«Jl 4-LlJj i 

. (Momentum) (^jj| jl) iJ jjhjlSI ^^Jl j _ 4-p^-JI 

0^15 p-L-* >J iJ^>*l5l 4^5 ^ jlilll ot 0JjL^I 


JLp SjJj^Jl (_£j-d]| JLp JL»1 aj 4llx>o 4 JJjj 


! ^L^S[| J^Lil]| <iJli5l j-u 0 jjIS iwivajj 


iUfljo Jj*i ij LoJli iillA Jj*i JS3 :tiJlill J^Jlill :4.1 iivaJI 
0^ni ^***->*3 itaLi*Jl JUiSfl tjt k jL-joj 
.(W olff, 1965, p.167) oLj.j'bfl ^ fcUa^oj 4 jjL-i>q L*Sta 

j^LljJl ^ oL5LoJJ 4 j ljj A^aTj j-J 

.S--J5UI ISJISLJI i>iU S^L-Vl 

ojj-s^Jl 4jk5Luy«f^5Ul 1 ^ 4 L5L-JLJ 0 ^jaJl 0 jhLj *5 

; 3JbJ| 

F = p = ^ W (M.l) 

dt 

£y*J tj 4^tS Pj .->0l jji* OjjJ«J| ajjjil p 


<JaL.ll ibSJ Ui J ,juj| J 1 jl—Jl ^ t jZ c/tfaUll J* Ot J 1 ili^Sll jjJ- (•) 

.(UUI) i_^Vl OUl 
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Jjb" j_jJLp j*j| <lallll .(jllaj 

• Ljiad V 47WJ 4lll^ ^j]J 4 um1Lj 

p = mv (1.4.2) 

ibU-Jl 4-^jJl ils£Jl lili 

\,/i\£ (1.4.1) 
(1.4.3) 


p dmv dv 

F =-= m — = ma 

dt dt 


: Si*5UJLi a p—»Jl (^jL-j) iL»»P ^^kju 

(1.4.4) 


- dv 
a= — 
dt 

Vjl£±dl oLa|JL^-Vl ^UaJ AsftSjt <AlS 

iUoJlj 4P^*Jlj r = {x,y,z} Sj^oJl ( _ y l^ (Cartesian coordinates) 

* , J r ^ \ ^1p L«^ijliS' 

(1.4.5) 

: JbJlS' (1.4.3) &LJI Cr ^ij 

(1.4.6) 


- dr _ dv d 2 r 
V dt ’ dt 2 


</f 2 


F = m 


4.1.^Udl oVai w l l >r7<.ll j...: i l (1.4.6) 4Jai«* l l 

I d 2 z 

cfr z ' ' dt 1 ' ' '~dt~ 2 


d 2 x 


d 2 y 


F x =m— T , F v =m —f, F z =m- , 

x v2 f ju 2 z J>2 


(1.4.7) 


Sj»*)l oUj«n , iy.ll 11 . 4.1 Jllo 

p—oj, (S' 11^->- AIjLj tffl Allis' Lq^j^ 

aJ^L*-qJ |j j? = 0 t3JL>Jl oJjb ^ ^Sf ^_v?L>- 

J jSS (1.4.1) 

^ = 0 (1.4.8) 

dt 

’. 44SjU 4^a5 0 L.J11P (1.4.8) italjcJl 
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p = mv = = 


Pt 


(1.4.9) 


:oWl ap^JI ^ t&U iJbfll 

^ (1.4.10) 


v f = 


m 


dr f _ ^ f 
—- = v f = — 
dt m 


* aI^Lk^JI £jA 0^L>cj| /y^V^J ^>cj| ^£A~J>tU 

(1.4.11) 


: y> (1.4.11) ibUJI 

r f =v f f + F 0 (1.4.12) 

jsJl j*--*j>«JI (jl (1.4.12) ^y> Ja^-^U .t = 0 

s y i_.l)aTi jL^.<JI j^jdj .^J£j*+a Jai- 


UiljsJI oLLJUl : 2 . 4.1 Jli. 

* * p. ^ 

0^^\J . .a 4^J^Ja ^ A 3 > 1 ^wJ 

.A iiaJL;Jl jllp c-ji-o <J B iiaJLJl Jiii> m LgjJLxS' 

. x (J^1 p x e oljjl 4laal (J 0 ^^11 *JbJbj 


A B 



X e 


X 


jUI cjLIaJ! :(3.1) 
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SjjJl / 3. q = x - x e lL-j*- q y* ^JL; 5j-I j^U y> 

(Hooke’s Law) £y> d jlLaJ x JS 

:Ji\ 

f=-kq (1.4.13) 


c oLj!I .lS j_a cLuLj jjb ft: cluLsJl 

: JbllS s J$\ iJ^L« 


/ = rac = mq = - kp 


<rq = d (x-x e ) _ <rx _ 

* "* " 2 j *2 


<ft 2 <* 2 


(1.4.14) 

(1.4.15) 


* 

? = -? 
m 


2 k 
eo = — 
m 


; jjJLp (1.4.14) aJ^LaaJI t-wjjj SilpL 

(1.4.16) 
to iiJbJiU WjJl laj 

(1.4.17) 

(1.4.16) jlaUJl ibs 1 ^Ug-1 blli 


? = -® ? 


(1.4.18) 


; J* (1.4.18) <SdljLaJl eJlA 

q = q mla cos(S)t (1.4.19) 

aa^l .Xe OljJVI Lkij yj> ( _ r MaiI qmax C-il±!l ti-J- 

L.lio aa^ilL JaJ(radians/s) LJtt JSL! obal^JL L-LLq co <_sjljJl 

. aS^jlKj (LjIj ojja) (Hertz) Jj 
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jj?*3.4.1 Jllo 

^JlSI m A 3JLi53l A ^ ^>Jl ^^JLp l ji jIjlLq 

; ^a mg iJbS3l B p—>J| r iiL-jo 

F g = m A r=-G n ' A ^ (1.4.20) 

Ja>cJl JjJ? JLp *wjiL>»j SjJ ^ SjJaJl .i*jiL>«J| CUjLj G 

itaL**j .p—^ JS' JiJ jS'^o J-^aj ^JJl 

m j m - 9 m !&* (1.4.21) 

r 

L^ijliS' (Radial Acceleration) ij^kiUl i^L/a', iJL>^*Jl j 

■ (jip 


y dr dr drdr .dr 

dt 2 dt dt dr dr 


. dr Gm A m H 

m Af-r = - 

dr r 


(1.4.22) 

: (1.4.21) 4bl*Jl (1.4.22) 

(1.4.23) 
: jA (1.4.23) J,ISS, 

m A jrdr = -Gm A m B J-j (1.4.24) 

1 ^2_G M b =£ , 0.4.25) 

2 r 

j-ii iiitj 4^ j>*i i iiUa ja £ cl*j15 

. vr <j jJaiJl i^g 4_p^J| ^_a r Lui j-*jo IJla j-j 

;Sj^aJl (1.4.25) itaU^Jl ib£ tdUijj 

E Yi + V G =E (1.4.26) 

; ii%JL JajJj A i5 j*- iSUa Eg 
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(1.4.27) 


£ k = l m A v t 

j A jjJjJl JUmJ is Us Vq j 

:iS*>UL 


g/W A ffl B 

''G “ 


(1.4.28) 


GMm A 


; j_jA Ms.- jup a ijjLjJl oji 

(1.4.29) 


gj jJa-S ^ j 

! ^jIp (1.4.29) ildMaJl la..-."; .^^jSfl iMMJl 


g = 


GM 

/? 2 


(1.4.30) 


lSJ* 

Li*kU lili .4,..Mi ijj i i SLM*£J| jlLJ 

r -^J (ii^ll jt) SjJIjsjVI if^Jl (j-LS 

tJljJLlP ^.Lar,^ t jjj 5jjJaj 4 j L^S* i ^ ^ ^5 

t ^ ^yL*£I****Jlj ^ja^LoJI ijj-L-J| 43 Jj IwluXJ ol tli-L-oJl 

4a1>ojJ| ^ jjJj ^j-dJl ot 

f — ti jJLai l 4a^IjjJI o'y^LxjaJl ,LiJ^ 4 *-l-jJLj 

Lis' ISJ iLLS C)j £j ^ JLs Lj_tf ^ c LoLoJ ojl>h>q 

4^-L-SfI <_£j-dJl ^ Lo .SjjJ^Jl ^j-dJl c_S j*j 

! c)Ll3jjjUQ oLi^LlaiI oLjj 3 JaA3 iJilA dJLS 0^all f^J&- 

L<^jb oLjjiSl oLjLa -a * ^ * Ajj g ClI oj-flJlj 4^iUJl oji 
^1 J^-SfI iS y>- iuSUJl oj3 ,4 aS^^*}LS 3| L-Sfl 

. 4 ] 4*jSL>JI *wjJL>«j jjtj p—* 5 ^ JSj *4 ±jL*—J l 


43 







O^LLo Lo^jb 0} 

JJuo tijuLLjJ yill ^L-l*-S|Lj 4j jXfljO L-A-*-iLL^Jj^_^J|j 
olijji^JVl Jayj yJl Sji!l yb oy]| ,oLijji£]Vl 

d ji Jl <*U£VLj .<^-L-l j3 ^jl yo SJj-lj ybj cijjJLSl ^yJL 
ojJJl L<^jb oLijj_?-Sfl oLjjJLSI ^ 4 .^. LI * * *jj ^ ^ 11 oj^flJlj i^iUJl 
oU~-*>Jl * 4_j jIOjo a jJjJl .AjjJlII oy]|j A iL a */>\\ 

,L$yfl.*J £0 oljJLSl Jj cLl—L*J J-P AjjJjJl OjJlSIj tiJjSfl 

4a ojjaJl j j j+£J\ oj-5Jl Lj jjaj y£^«Jl y-aj 

yoj . (clcctrowcak) ajL_*-*s>j oyLSl SJbJb*- Sy iw/Lyd 

^jVl c5j^l 4oJub ^JiJl i 

.Ajj-oJl ojjjJl j 4 j^f£!l Syllj 

o^LpLiJl yp o jJi[iyJi}\ La LJLp 4j^c»L>J| liiij y 

La jL ^^lal!l yp &^|pLajfl ^tliava-aJli yt!l y« WJj 

Js*- <J* .OU--4- JaL; y» ^ OH s j* ^ 

^ a ... 7 oLbuA> j'JiL-JLj J_a_aj|j 0^-J JLSjLjij mJLLaJ 

jj> olj jz jilyJl JiLd 4«»..Sail 4 j*^JI j .(Gravitons) oliji^il 


AiUaJI oY)^j ISLobjJI 5.1 

ol ySLu Ljj| y ailflll 0I4JI ^/ajL/a_>«Jl 

y*JLpl * ■>/? JLflJL) iiLlaJl (J j_>nlJ Lll-^ll-a IJLJL^f ,(j£ y>-\ ^Jl 0 j j *./? 

(Lagrange) ^Jly'bf o^L>u> :i 3 LkJl ^^JLp juijJ L^LjjUL! 
iSUaJl J^Lj a—IjJU ^yj dJJi Jbu . (Hamilton) oyJLaljb oV^Lajqj 

jj JlLa^ ^yil jj V JuU aS' y>- iiLW y-u 

.iSUaJl <Jj>cj 
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(Joseph ja!I oL^L^JI ^JLp 

.iSLkJl 5Jb ij'b/jb iS 1 JL! ijSLjlijjJl _j_2Jl Louis Lagrange) 

4 ib 5 jjjlill jjJj-J 0 jjli) . <n i 4 pL*«j 


F, = dt mii ’ ,=1,2,3 


(1.5.1) 


a Jug l w "a )l oLJj-a-Sl DVJLU i ^ I A ■-■ H jJl 1 ~ . - ^ 

oLj|jj-^/l oL^jja tJli-oJl ^... < ,4j> r~ <.l i 


Xj = X, x 2 = y, x 3 = z 


Fi = F x , F 2 = F y , F 3 = F z 


(1.5.2) 

\ ^jA ajJi!l oL5 jAJ 

(1.5.3) 


q j_«Jl oLJIjLj-J L ilb 

: JhJl JSLUI ^1>V illJb L aJIjJ) ^j q a*j^\j 

L=L(gj)=T-r (1.5.4) 

Jj T a£j^\ oLU .^>jM iilla Vj i5>Jl IILL T 

Jj V £^jJI LiU»j T (g t <jj) c5^ tipj—.Jlj £^j-«-II .i • * ■ " 

P a ( jA AlailsuJi ai^SlIj ,4liiL»*jj ai^flj J a2s £y g jjiJI ^Lc- Jo~»" 

:«%JL K £^]| 53U* ^ 1^15^1 ^ ^1 

(1.5.5) 


F i=-?-> <-U3 

8q t 


F = -VV 


I L»5 4. g •v.7 « ]i 4 ■. ,^gU I 1 gill 7*5 j! 

(1.5.6) 
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< yj> jJl is Us (JLu VV i^.. ? - 

: Jb3l _pJl J* g\ tfb 

dL 


Pi = ^r-> » = U>3 
dq i 


Fi = ^-> * = 1,2,3 
dq, 


(1.5.7) 

: ^ SjiJIj 

(1.5.8) 


:iJb 3 l ^1 >V oVal« jjj»J ^1 aJIjJI ^ glltfbj 

rf/az/ 


dt\dq t 


-|^ = 0, * = 1,2,3 
dq t 


(1.5.9) 


jJl iiUaJ ^_jj-*J O^Ljljq O^Ljljq £j_»L£_j 

.iaJLi £ »j-^Jl JutJLjLj jJl iiLU t4_laJL>t^Jl 

(1.5.9) (1.5.8)j (1.5.7) ^jJ^La^JI 

;Sj^aJl ^yWl OjJli (jlp 


A -^i=0, / = 1,2,3 


(1.5.10) 


(1.5.9) itaL**Jl ^ Sjj-*aJLj o^faLx^ JaiiMj 

.ololJb^U Jj gi 




SJLpLSJI ^jo oM^La^o ^Ls_LJL-l*I 


(Principle of Least JjSfl JjtiJl SjlpU j! (Variational Principle) 
0 jjJLoqLa pLJj ^JuJbSL-^/l oL^LjJl pJL* Lpw?j ^1 Action) 
Qj : K *L» SJLpU ^j/a: 7 j . 1834 ^Lp ^ (William R. Hamilton) 
Jjcill JjjLSo JjL>tJ IjL*J0 £-*Ij jjlp 4J^1 aI1| 

:JbJI 

5= J^(?/.?i.O^. » = u,3 (1.5.11) 

*1 

(4.1) *hj t] fj~uOj $I tjzi j-* 


46 




^Jlp L^Lij AjptiJl SjlpLSJI .^UaiJLl 

:Jldl 

h 

5 S = 5 jLdt = 0 (1.5.12) 

h 

jt-f-* (1.5.11) iJaljtJl ^ J*ill .jlAill (JLp JjJ a 

LoLa Ijja U^ljI pL^iJl 

.5.8 



fUtfl IjL- :(4.1) JliSI 

j&)l o^f^bce ; 1.5.1 JlLo 

; ^ jl*-I j L f\ ^ JjJ ^ j>- ^j|iJb 


r 1-2 

Z f = -mq f 

(1.5.13) 


:oM 

Tf = ~ w 7f > V f = 0 

(1.5.14) 

F r =^ = 0 

8q f 

! ^A ^ c Lp o i^j^^JI 

(1.5.15) 
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8 Lf 

p f =^- = mq f 
dq f 


: j _ j a 

(1.5.16) 


{yj • Qf Cr-/^ 4*i*j V if t)Sl 

'■tj* 

d (dLf' 
dt[dq {J 


8L t d . d . „ 

-o^r * p, ’ p ‘ 


(1.5.17) 


^2il y yJLJUJ gul jPi cS'i&AA *2.5.1 Jllo 

JyAJ ^jJuJuoJ PjjO 4 iU?j Xjiq 43U? 

; L«jb Jb^lj ^1 

(1.5.18) 


^HO “ 2 m QHO » *HO “ 


<lta c^Aj kj c^JjJLLqJI <115 m 

• i-JiJji-LsJlJ 0^llJl 


Leo ~ ^ho “ *ho “ 2 ^**° " 2 ^e° 


^ho _ > - - *?HO 


dt 


(1.5.19) 

I U* i_J jjJCuJl ^jlp o ijiilj 

(1.5.20) 

^ p—»Jl 

( 1 . 5 . 21 ) 

~ ~ = -rW^HO -(-*?ho) = "^HO + ^?HO = 0 (1.5.22) 


®9ho 


Siffo 

/»HO=^T-^ = - m 9HO 
d?HO 


'az. ' 

< ^?HO 


Sqm dt 


muo =-*?HO 


:<jSfl ijjsJI ojUl LLu ^IIj 

(1.5.23) 
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jjiJLoU c/ibU* 

^ 4*L>Lij o^bL** ^ jj oMiLjwj o'bbLxo oj, 

y*>Jl ^^Ip JL*1 aj o'bbLa-oJl ojjb oj (^1 - ^“jJl u? 4j>-jJL!| 

LSL^LjjlSI ^Jlji ^_p jJ_*_j o jjJL^oLa o^bL*jo . (fjdt 2 ^jJL^LisJl 
oj, ij} - ^jJi ^ ^jSfI o-jjJi ^jo o^bL*-oj> ixSL—*>is3i 

J^ojJLSj . djdt L jL£ ] u£l\ yj^Jl ^jip JLqJLxj OjJL^La o^bL*j» 
^jJLp JLoJLxj ^yiil if o jjJL^qLa <Jta i-i*jju i ojjdL^L* o^bL*jo ^^Ip 

:01 ^ <-q p 4a«S' 

3 

H = H(p l) q i ) = '£p l q i -L{q it q t ) (1.5.24) 


i=l 


as 

3p< 


= ?i 


; j _ jA Oj^l^l* oV^Iju 01* (^bJLjj 

(1.5.25) 


8H 

8q t 


= ~Pi 


(1.5.26) 


H 0j^LjiLa iJta 01* c^laiL>uJl jJl iSLkJ 4..^:)1 j 

:01 lit iO&\ SIUI 


/f = 7M- K 


(1.5.27) 


F = T(9)j T = T(p, q) 


j>- Q j ilyolo CjVjI** 13.5.1 JlLa 

m 4iii5 ^ ..-^.1 ^j| 4jli»j ii y> J| iills 0J 

; LaJk Jo-lj ji Jbu 


''-£• ,,-0 


(1.5.28) 
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H { =T f +V t =&- 
f f f 2 m 


: ^ Oj^Lu»La iJbj 

(1.5.29) 


dHf _ p { _ 

~S “ “ 0f 

opf m 


! AP^uJl jjlp OjIJLoLa Cj\jLiu> 

(1.5.30) 
:syj| jjIpj 

(1.5.31) 


'r _ Pno 

i HO “ * 


A t dH f _A_ • 

p f~ °-» t 5 ^" 0 " _/7f 
il a .S 4j| ^(1.5.31) iJiU-Jl (oj-2Jl iJiLuj ^1." 

. AIjlj ^..->.1] 

iwjJLiJL»J d j iLoU oVaIm : 4.5.1 Jti* 

Jb»l j Lf i>\ji Jbu m aiIiS - ^ 1 aS ^>Jl is Up 

v 

(1.5.32) 
^1 asUpj 

(1.5.33) 

; j_jA 0 jJL»Ia illjj dull k k.. ? - 

(1.5.34) 

! AP^uil JlP (c)jlJLolA O^sLfco ^jAJ 

(1.5.35) 

(_,kj 

= *?ho=-/'ho or Pho = -*9ho (1.5.36) 


2 m 


*HO “ 


2 

■^HO = ^HO + P HO ~ ^ ^HO 


^HO _ PhO _ • 

- - 9ho 

yPuo m 


8 H m 


dq ] 


HO 
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G) 




: (1.5.36)j (1.5.35) ^.Jbj 

(1.5.37) 

: jA 4jJ bJJl « y 

(1.5.38) 


.. _ k 2 

?ho - 9ho —© 9 ho 

tn 


^ SUaJl J>*j 

aJLSUI <iLkJl (1.5.34) jJjl» «. ll ^ Qj^l.<L a iJb 1 

iiUaju a] aa'i yj> jJl!| i_j jiJail jj <—-»■!i.J** 1 

:(1.4.19)j (1.4.17) 

(1.5.39) 


4HO = ?max COS(tOf), © = J— 

\ 7W 

! 4*—JL jjS jlilll Jjbwj 

?HO = -®?max sin (©0 (1.5.40) 

aJIJlS' L yti \jUl «_jJu.LJL! ISy>*]\ A3 Up ^ l jSL *J 

.(1.5.32) &LJI yi (1.5.35) J (1.5.40) 

: lj a 

^ho = ^ = f = y© 2 ?L«sm 2 cof = |$Lsm 2 ©f (1.5.41) 

(1.5.39) 4JLL-JI ola * ij 

jjJLp jJl!I v JujlJLJ ^^jJl iiLU ^ */3 >iJ t(1.5.33)j 

:iJUI Sj^JI 

*ho = |*?ho = I cos 2 ffi/ (1.5.42) 

jill yljJuJLS aJSUI AiUaJl jjIp 
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O^iJLAa Ub Oj^J .d.5.43) J US’ (1.5.42)j (1.5.3) 

: JldlS itJbJI 

#HO = r HO + *HO = sin2 ®* + |f™ cos 2 CO* = |f(1.5.43) 

^jJLjuJLJ aJLL^JI AJSLbJI ol (1.5.43) A-taL*-oJI 

iS^JI Lb ol ^1 i^l J\ ai^LS ^1 jdl 

iSLb ( v r *j A3^L*JI (5.1) . ( j-ojJI ^^JLp 

t2 kg Aib? LS &\ jj ^JbU aJlSCJI iiLbJIj iilbj 

.0.1 m ^ aJ i^lj| ^ yg.ilj t40 N/m aJ c-jLSj 

AiUflJl (Ji U^lo J5 £v? jJl A3 Lb j a 5'^>J| A3 Lb 

.ibj_b^o aJlSCJI AilbJI ol .aiLj aJlSCJI 



ySal jS11 ^Qa :(5.1) JSJUI 

siyi ^ « /3 « /3 ^ IqJ I 6*1 

JLj AjLbj ^ 3 jJL) Ol ^Jalwwj ^j-Jl *_JLlaJi Oj^ 

Jj^iJI ijij y^JLjalli .JL*j Lo jl 2040 ^*Lp 

A^-^-Jl 4 OhXffJ aJL^tJI U^Lj^^umwwq3| ^IpI hlbP 

Ab^JL) jLdlil aJL>-A 3UaJJ AavJLxJI Ab^Jtlll^ .btygl^j ^JLj 
^JL o A3 lb Ab^Jv J ^ ^ ^ ^3jJL AboJLo AdLbJLl eJLjbw 

£}jl' Cr* 
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Vlj Z'te’ <y SJbljI*Jl 0| 

ol jJ-*j ls A i-JL-Jl cJjL>«-«J|j c { jj> J-A-Sl jl jJLLl*I ^JLPj 4 jLa-L^Sfl 

<^L>J| o^ iilkJl oLj^^uI jjol j <3 LkJl {H}* Ojilid¬ 
ols’ (j^-i Jl £*l j J-p ->jJJ iijU^ ^y j 


olS' j^m ^jj_ i ^ ^ ^ * ^Jjjj>iJLj <ajLj j4&\ iSUaJl olS^ j**J jL*Jlj JajilJl 

^ oJjIj oL£ aJ lA . 2 (jl ^SyLoJl ^yi oL>cjVI iJlAj tiSU? 


( yja JLjJLj>- £j_j ^Ll>t 4 .4_!Ll£LlJ| iiLlaJl 4_P 

.^i!U oLjiuj ^1 p L^jlpL-uJ 


<JL>k-J0 


i^JLUb (Thumann and Mehta, 1997) l:$ : *j oL»j_J ciyJ 

4-*-«JLaJ| iiy*-*Jl ^Ul <j/q*/ 2 ^JlSL iSLlaJl 

isUaJi ois^^y o j a/? a/2>hi^ji ,(i j^oLtJi ^ijl>o*V i 

.iSLkJl ^jJjb ^y UjJLJI oUaJl oU^SOj pji pjJLp 
dr 0 (H- 9 

<51iaJl ^y ^aa/3a/3>iJuJI ^jbjj c^LLJLi 

Lo IS} oUJl i^L^Jl <y JLp 

^1 j p-Luj^Lj 4JLL*jl«JI J^Li^Jl jujl>c_j ^yo I 

.iSUaJl cj\j j^° y> JjJbcU LjLj <Jj^JLqJI 


^jj-Lp JUlyuJl * pWI j L_?~jJy^SoJl ^y o I 

I^ & I 1 ljL^aS'^I 4jjj2aJ| oj^>*J| ^j-pO ULp ot l . 1 ... ^ i^-J 1 1 • -o- 

(Walesh, ^-**- 01 ^ ^ 3 jj ( 4 ^ujiill IDo^Ji 4 -mJLJ «■» li ajL*j 
l » 1 w«lI 4 * /3 * /3> x^o ci^l^Xi l i ^pkji kX a ^<0 jl 1995) 

,4-Li-J?jJl (Jl j]p 4-«jI jJl 4-iJ? ji\ oljX3 i^JjJllil o^LpV jl 

Sjb)ll _ 2: 31 SJLJL^ ^ (MacDonald, 1999) jJUjJl£L» ^jlS' 

(SPE) JjyJl ixjbJl ( Career-Management Series ) 

(H-’b 4 Ja^i^uJl oly--i ( j—p^ajLtj ^^Jl 01 
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oJLpL-JQ JjL utj oJUb ^ ^ A C^Jjliu Lo Ij^D 

^ *U*z-5U iilkil <y 

r A - * -I-A - *> ^ | 4^wt^JLfCkll ^ I JA&JJJ S^t 3 j 4~fc^~Q>i| l .-* i 1 1 Ij -I a JL)JL>Cj 


JIjJLpL-^ yb mm ^jl^jlSI j yLjl cJIjlaI jl>4 j 
iJlA J^Jjj>*lJj .iSliaJl ^jJ^o aJLjJLJ l olkJl oL) j-5^o jj^ jjJLfij j 

.<SLiaJl Ls^jjySuj iSLlaJl J^L^O Ltl» y» tcJJLjJl 

^Ioj ol tiSUaJl j^L^o Lll>o JLp 0 jJUlSI yjlaljj 

^_5 4_j^^* ** jjjJl j 0 JL>r 4 **> .» ll oUaJl iJ!jL«JLj2_j ^ jJL> ^^ 91 

(_jA jJ 4jCk^f|^Jl Al^JL>«J| 0 JUb . »*«>» li 

jjL: 7 iiUaJl ipliv» JUcjb ^ iSjLpL-JL^.j <Jl^> ji\ 

y» JLiJIaJL J-«JU ipLlv» La ^^-4 ipLlv? y* 

.SlkJl y>U* 


<Ljoll>- oIaJLu 

m m 

iajjJaJl jjJl i-j-sJjiJl oLi!_J<Jl ^y> (JiL* ^ Jbj-jj — 1 

SjLjU ji£\ Ljjl .pJL*Jl Lfj ^jLsj 

(Traweek,j t (Gj wet sen, 1984)j ((Kuhn, 1970) J—«—i j 

((Wolpcrt, 1992)j ((Root-Bernstein, 1989) j (1988) 

. (Park, 2000 )j ((Friedlander, 1995)j 

(nEnergy Mix» iiliaJI fgj* (oLojJL«_«Jl yj> JUj^JL! -2 
jA-LJi-5 jj aJL 2 j)j ((Schollnberger, 1999) ^ Scenario C) 
(Hamto, iAiLjj ((Rockefeller and Patrick, 1999) dL^Lj 

.jjSyi iAi- 4daJ ^e- 2000) 


54 



i 

. 100 W J.Ji » n l J-a-xJl Lo l ./»■». .* 4)1 (1 1.1 

jL>oV d\ i j.^'> ~ L -l l IJLa Jlp yll oIpL-J| aJLp 

y (1 kWh) ieL. _ olj^JL* Jb^lj 
IJUjJ (Horsepower (HP)) i-jL^a-a^Jl 3jjJjJl Lo (i_j 

(1 iiUaJl yo j L^ JLp-Ij j-A jjSlJLkJl j.»....ll 0 2.1 

Sjl>-j jjk lLwjj- t calorie = 1000 calories) 

IIJ iiLkJl ^LJ 

U aJ^J. 'jfiy l»I .4.184 J (JjL -4 (Thennodynamic Calorie) 
iJUk ( ^ r P j-L* .jLp-IjJI f j_Jl ^ 2000 Calorie t. 1 ! 1 $:.« j 

?ol^L ‘Wf-’ill 

4jjjJ yL uUm dL.-Iji Lju>r~,..Ll j|jjLo (1 3.1 


.4iLi^ 13 eJL«J aLjl*j 


1200 W 


100 W <JjJL3 L ■ ■/» ° ^« -■" : d - 5 yJl Sj-oJl Lo (l_> 

ye JLe ?(!) L$JL cJLvu- yJl isLUl jIjlL. 

.oIpLJL 

iw4i>«^o oJLo <J^L>- iaii ^JL>tL^i| jI { j^ j&\ 

4joJL>b lomu»ii 4-3 Lla li Lo .(0 ^£-3 jj-^JLoJl j w li 

oljjJL^Jlj <J^»*JL kiiijL>-J ?yutJl ^L-sAoJl 

.(kWh) 4 pL. . 


Lp>lJi>*^-l 4JL$Jl iilkJl ijjJuJl Lo (j 

?(^) ^ jjSJUJl ^L^Jl 4la— I jj 

ojl j_A ^j| iJ^j>«^o 4 la **\ j-i JjJLj-oJl ^ » *1 ll 4.1 
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4_j^_4^oLLj Jl 1| 4 ifcl a 4 ^J^_>t .» ll A la **\j-i oJLS^L<J| 

.J\l Jl JjO»Jl .ij^>JI 

(J)JiJj| U-i_SLII i , . f iljUl ^jll 


Luij-u 

(J) !jl>l 



(ai j) 




0.05 

10,000 

^jUmi (Newcomen) 

1700 , i./.:•■. 

4.0 

10,000 

(Walking-beam) <»J- 

1800 JJljf 

20.0 

10,000 

i£>l~ (Corliss) j-Jj/ 

1800 ^a./a:'.4 


. 100,000 w Sjjj ibL^L ^ SjL- (1 5.1 

ojJLaHj 4jjI jP*1 I ojJLaJl < 2^P 

<_jUfcjLLS <jLJb 30 4 JLj> ^.1L~ lij (<_j 

4^«JL>r~.» jo .II iSUaJl jlJL Aj> t_. ...g-l t(l) ojj^JLoJl SjLj*«J| 

.kWh 

43 LI 9 Lj^ *.m ^11 ^jLxu 4 q t - ■ 0 ^ . 1 j 100 LjjLSL- iJLp (*i 6.1 

iiLkll ^ 5>JI L - * 1 L I . 30 quad LajIjlLq 

.jl?-I jJl <J^^LJul*JL 41p ^*pj 

JjL*-o) ojJjjJl jfot j 1^*1 ^ (i-J 

.jl?-I jJl oljJL 4ip ^1 pj (iSUaJl 

15 N/ <J il^JjJl *^uL A j c3 kg aiIi* ^ily ^JbJLi 7.1 

iiLt jl .0.2m ^_a 4 J 4_?-ljl a „^ilj cm 

.^sijiii vjbUi ij*J us3i ytwij c^jJi aitj c<s>Ji 
?((J^>JL) <J£5l iSUaJl c(s 1 Sjl?-^j) 4jJLjJLU ^jljJl ^^i5l Lo 

4uL^p dJlS' lij G iuiL>JL! ^LaJI cujIiSI jIjlLo 8.1 

it : g yte • g = 9.8 m/s 2 ^jSfl ^Ja*- ^ 
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^jI ****)! I j la A )l a /2 i ^JL>*JOlj 4 jj )jS 

?s^3l 

>LiI ^ .550 HP 4jJS p-bVl JIp \Sy*A JL- SjL- dlJLj 9.1 
ojJLflJl ^yj ia— ^uJl ^ 4 JLqJ| ^3 80 ^|JL>0*l ^yapO 

<3Hail jljLLo Lo .oJb 45 JjjiaJl ^ya^O J >l £ j^alll 

^j-P j-*-P ?(J-j jJaJl *Ll?I A la **ljy AjwJLiil 

.Jjjy LiyjJL OJLLj-J 

LjI y**\j .<*—d oj_JLo 20 ^JLS^JI o^Ijlxj IjlL jj*/avA (1 10.1 
JLp iUpJLi L^o JLp-l ji I ^ya^JtJLi 200,000 MJ 

jlJLLo Lo . oJLpiJLqJI ^oSfI ^LyLy 4-Jj-lyJl L-oJLLJ J j_JLo 

?j 0JI li*J (Jj^UuJL) IjL* IjlkJl SIM 

?(oljlL*JL) 4J^Ua«Jl 0 jJLd]| jljJLo Lo (iwJ 


L 4 JI ^L^o 1000 MW SjJ^j idL^S oli> ^oui ^ 

? <Lp^o 

?(<Jy^LyJL) Lojj 4 jyLla*Jl iSLaJl jIjULq Lo (j 


Jaij L LfJLp Jj^a>Jl SIM jl ^lil (j* 

fUJl JajLiil ^ .37,000 MJ/m 3 oLL oll^ 


^Lojj 


jlp-IjJI J^^JU Ls^t IjWj 3 20 JaiJl oL? IS} (j 


^ UL . oljjJLS J£J JaiJl UJLSJ Ui 4 (US$20/bbl) 
oLLil jIjULo v ,-^l : ^,^1; ?Lo^ oLkil 

iilSLJlj (kWh/day) ^y/<pL _ olj^JLSUL Lo jj oJLio-^Jl 
iilSJ jl Jyi (US$/day) /jWjJlSL 3aiUj iyoj-Jl 

.<pL- _ oljjJLS J£! J*M 
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•* 

2Lu\jj^ai\ i_lJjj 


oLjVjJI i-jLj-j-SJl iiUaJl oLLj>^> 05jj 

t )Js ]a a » ^JLxJl 4. i.j 4ji ^ ~. }| 

4iLk!l J-0 ^l^jl ^IJj>0*I .0^1 V 

JU U^j- jSSMi JSLUI ^ *1^1 Oli t| JUt Jp- 

jLjl!| JLJ jj jjb A_a_jL )j ^ £Ji iSliaJl oUa_>c-o jj^ (j| .^^Ij J$UaJ 
oljjJaiJl y >-jjj . <5Lji j^-p 4_*jjjjJ 

^3 i5UaJ| ^JJ JlJiiuJL>Jl plial!l 0^1 

K^oLujJl oW^L*-*J i jJ>\ jjcl^Vj dUi JLxj ^jJD c 2 ^ibJl 
iiUaJl JlJjJ ts^L-o 4 _^JLl»j t(Electrodynamics) 5 ^j^jSL!I 
5JLLJI Oj-jjJaJ ^JLSl ^LlkjJl iwi-s^jj t 4 _aJLj 


Vii^sai asiui ^ijU)i jjte\ 1.2 

*Ljj *|JJlS| ^oj>cJ O^ajJl iSLl? j^»Vl ^ ^Ul f J^ol 

cojL>t>tjLj ^j>«_laJ O^Ls^ajJl iSLU 

.cJlJb^oJL <JLoLaJI cajjJlJI ^>SfldTj 


59 



0 * f, 

I Jj*JJ 0I ^LJl £jjLJ| ^ 

. ^ C^^U^LaJI A3 Li? 

cjjjifi jA\ aJLjLoSH {j* c-ij^L>«-«Jlj t^jj-iJlj tSjL>«j>Jl OJ 
^^1 jiaJlj AuUJl c^JljjJl cJU-j .aJLpU j^S'I O^L^LaJI A3 Li? 

100 ^Lp ^1 y>- Il» t_J j_jj>*Jl ^j_>iJaJ O^U<fl a il A3 Li? aU| 

o^^aII 55LU AP^iSlIj ^LjJl cJL>- US' ^-3 

^LjjJl aUUjj jIJLj dojis' ^]jSfI AillaJl olia^j Jj^JL aLqLaJI 

C UJI I4J cuts' ^Jl ^LoVl ^ cUijj AiiJcJl cLJlj 

, AjU I 0 \j 

^UJl .fUJl OJbcJl j-fv^S ojlj->«Jl uljiSfl ^JLpCLl-J 

tJjJL>«J|j j jJ JL V^Jlj C^UcjJl JjLo O^La -0 ^^JLp J-* 

jm-Uj olji j^>U ^U^dl a>CLJ| SjI^>J| .pUl jjJIj 

jtU ^Ujla^o JjI ^jj^ailj ^UcJl oLS . aULU aJU- L$J 

W ?- 0 <y 

jUmJLj UljUJl SUaJt 

oLSj->^° jjjJaj pci ijlU^Jl jlJj-U p-UJIj SjIj_>U| £ 5 ^ 

jU*Jl olS' .A^SUjLSLo A3 Li? AjjI jpUl iSLlaJl ^Jj J_>d AjjL>*j 

US' (wijLSc«Jl jU*Jl otS' U«^o cJUU ^jSfI 

JSl Ijl^- ^J.a*1ji ajU jU^JI Ujip .(1.2) ^ ^jla j_a 

^jlcu c-UUJl ^^JLp *\ j-j-Slj . LUjj>- LpIjU jjJUtjj 

aJ a **> ilj t^jLcJLj jL>*_Ul £j. la a ■>*> 

.AjJLjJLLo A-Ja?- aS'^>- i3j->C Hw4jI£i5Li 

(Thomas j_Sj_*J ^UojU ^j_aJL>«jWI 

JjI ^Ucj ^Lij 1705 ^Lp Lf J jLi^Jl Newcomen) 
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y* J-J l}y>^Aj . 1712 ^»Lp ^3 ^jUtJ 

j%J .oLJL ojj-qJ«-<JI ^Jl ^->tdJI p->-L-o ^y* oLwoJI 
Ji^lj ^1 ijL *l» J^j j cSjL^JI jl^JI 

#* <K» 

^C QyyM LoJj>" Lp I^3 LJI C-j3-JL^lj I (j t -. & - - ~>- 4 J L>*-J I ^yJLp ^^JL>*J 
Jl^2JuJ| (JjjJl 4 4-*-)SL>tJl £3 *Lj *1 j-gJL! 

^y-\ o y jli*_Jl JjJ>-JLj Lo«* 4_iii*Jl 4-^iSL 

• (1.2) t L^ S ' 4 A3 I ^A 



Jaj^j ^ jIaj dja-d JaJa 4 ^ :(1.2) JluJi 


y^>^i (James Watt) olj ^JuJb^L-Vl ^jli^JI ^li j 

jL>*JI £^>*J ^J-yg-Ai^ pLpj jUtJI iJj_>t-o SpLi^ 

^jjJiij (William Murdock) ^LJj oJLpL^ ^Lij .3jjk^Sl 

jlJ jjJ co^« 1781 ^Lp ^ y ^liajJ 

( j-^o«oJl y* 0-L*->- <j jjb aS y>- jlJjj ^JljP ojJLdJlj .5 j^ jb iS^jj>- 
0^ Lo*S* .tO^J>*P e^b^f ojJLdJl j3y ol olS'^>t-o-U 

<0^b*J*JL) a\^o1a lOlS" £jA 

SjjJLk^Jl L^jJjj^cdl ojJ j IJL5 La j .JJLJI ^I^pV iiliaJI ^jJ 

4JL>*-*-j SjIjuJI e^jlj-2Jlj 4 jL>«-JLj SjIjuJI ol j]p UL)I j_jjJaol 

l%J 4 lLUS ^^Jlp SjIjloJI 4ojJL>o!I 

* 

.3 j3 jJJ jJl^sa y> 4 i jJaJL 4 jjI>*_J! olS'j->«-oJl ^Lj LoljJ 

f, 0 

jl ^LijJI jjU<x« ^y> i^j yd\-j (_jil ja pLj Ljj yj> !^i j*-J L*^ 


61 




A ft A ift JL1 jLSj .iSLIaJl yd ^jl>taLLL* culls' ydl j toL-oJl 
'*L> •(•-**Jr~* C^*" <y cM </*' Cf'^ 1 </ Hr* - 

p-j>-Lu yo j-5JLj *LlJI p. ^ <jU tdUi IjjLl^I Lo 

<jlymSfl £ 7 * tUyiJL jl OySyJl yo JJLfllJJ Jl 

.^l>^o £±jjj fc-aJlSo 

> 0 

(Jlijj-Jj . LjLj SjJl 5 iSll? jJu^ajo culls' jL^JL ojdyuJl < 3 Hail o\ 

Jl p->oaJl (^jj ^>-I ^jij jl t y* a!>iJ| JJLo <hS 

Ajy^>Jl <llSJl j .jL^Jl JLJyJ iij^Ul Sjly>J| ^JU Lo fclp 

^jJLp cJtkil oWjL>c^o .JjLuJl y L^ajI Lojuk ^.1 yjyij>-S[l 

y^LJl 0 yl!l y JjSfl ^LlJI y 3\y^l yp iSUail 

iiLU j JL 0/2 a yp i,i-L>c_Jlj oLUJl iiljj c-ol LJLlajjj ^y yAp 
JSLi ^jJLp ^jyJj-Sfl ^jijJl .(Nef, 1977) JUJL>- 

.i^pLlvail JjJlil yo La j LJllajy y J-JsjLJI ^ySyJl y* <5 

^3 ^JL>CUi| Jl 3 t oL^j-^l L-LJ yA (JjjJl l(^y>t>Jl ^^>cjlil jlp Ul^J 

,jA t>p ^hJl 0ydl cJ^Ljo 


^Ldl 0ydl (JyJL>*J y^S J^-ktu i5LlaJl ^JLp i-JLlajl JU |y JLjd 

JjLuJI ojLjj <li JjJl j ^LftJaJl ^ L \ iSHaJLi , jMtikP 

A a ! i l jl tJa-ilil jl i y^l^iJl (Jly^l J^jJ? yp Laj-JjJ 
jl <y>r la A.JI oLyuJl JJU j^l 0 / 2 a yo Ja-ilil ^^JLp Jj*^a>Jl 

JaJai CUpUaJU*l jL>*_JIj Ay Ly$_Sdl A_SLlaj| JLJ y oLla_>i^oj .Oy»*Jl 
i>-L>- JllA CjJlS'j ,ila>«-Jl yo <aj y!l AilauJl y y£JL$I*~*Jl iaJL?- 
y^Lo! y ylialiil ySJL^^Jl J\ y£u olt y>U* J\ 

• oJLaj 


(Thomas Edison) Qj ol ^Lo^j oLS' 4 1882 ^Lp JjJLs^j 
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« 

OjJjj AIjJLq ^ JlJ aLp^ ^^JLp J-«ju 

JLj^j (Direct Current (DC)) IIjLj Oj— d^l 4_k^ 
.*Lj_ 4_£J| ^—5L*_Ji Jj^ c-jl-J jj-iJl (jJLpj . 110 V ojJti 

ojJLflj *Lj^^Jl jlJ jjJ <ia>^o iJliA dJlS' 11889 ^Ip <JjJL>*jj 

*LjlJjj yo Jjj>tllL) 31 olJbj .JJLlJ ^ oljliu-o JL>-|j 

I ^Lkil jlJ jj aSj! y pL^] I l* iv>UJl 

iilkJl JLJjJl! Jp} 4-Sjji? jj Jg JlS jLS' L-u-L-I Ij j_vai 01 

^3 jUaIj^Ij c^jLp^JI pJ Jy pj Jj_^ajj| IJ^Aj .AjL^j-SDl 

•oljLiJl is>0 


Cj \jLxll Z£ jAJ3 

<sjjLJtk J ivJ ^ iiiiaJi ^_jj j_j j jlJ jj ol 

^Lo y \ JU^pSf I idJL^P ^jA <£ jAA ^ybj <■ oljlOJl 

Ajj ^ ^JljJlj . (George Westinghouse) ^jy>-j 

\ oJL?-lj a-a-l^Ll^I aJLl-^o ojl */2 1 a^ *4 i Lo a^j>-I j-«Jl 

,*Li \£ jaA | Jbjy AajLS^ 


|Jb>o jLSj ^-A^ 3 £j^l 

^Lul U AaaaJ2j tj j *«>o| La-< 0I jUl ^*^ -P AajL^J l A3LI 2 JI 

^Lp i5jj_jj_J A1 _jJL«j Jj^j A_la_>i^o ^L-Jl 

'bf ajI jLiJl ^0 jJl • 1882 

.AillaJl _y3 jaS J?Ua>»j| 0 _p IJj>- oJLaj oliL-^J aJLSj 


jlliil (^Juja ^ja jLS' tjj— 

^iSo ^1 oliL^J aJUj ajV (Alternating Current (AC)) 
A^ui-tj ^ ^ ^ ^ ^ j LlP 0 jlJ jj r 4 ^il 
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4 0jJLiil Ja lil! 4 _aJLp 2y$->- 4-Lj_>tJj 4 4 */2 g >dJa 

LjJUaj)/ Jil VL.rf* f>R- cr*l L f-^“ 

_ pJU J^J *(1943-1857) (Nikolai Tesla) *>L-J ^SLJ 

£* j. U:; a ii ^ -JU-pL j-fLil 

42JuU3j $l^| > ««*.* ) $ ^ ^ L dil 4 ^j8j j) i a * I ytt y 

LS $j s i\ d-JLSj . 1893 ^Lp ^^JLaJI j_pI SL-Ji OL^^jo ^ 
oULSOjJ 4 JJJl ^ op-LvM LfJ ^yJl 

^^-9 lj (jLlaJ ^^JLp p-LjJLJ jdJ 5Ja_>t-« Jjl *Llj 
^ iijjjjJ 4 jW y (Buffalo) jJli y 41j JLo ya i_jyiJL I^>-Lj 
^ *Lj^£Jl jlJ y a]^>wjo olJb .(1890) jL& £**h3l o y&\ oLi-jc^j 
30 y* Jil JbJ ^jJLp 4 jilijj iuJL« ^ <i LWl Jiu I^LJ 
jLiil LUB J . 1896 fU ^ 4<Sl» 20) I^^ 

j * /2\ I1 ^ y * yl ^ y d * > t_1^o jLdil 4du2J (^j-flJJ ■» 11 

4-uL ojJLdJl 4_P l a 1 Lit y l ^ ^ d-* I j l—dJ I A_S "jJLJi 

^ iiiaiil ^L-t J-p L~» ^.itjjL>Jl 

iASLljo . J-^aiSfl idilil jLdM ^JLp ^j 4 JL^pS/I J-*ai| 

djl^j2-flJI ^3 ^j * .Qi l l jLjlII a. t ^yi| d-ol ^Jl 4-SLjjJl j^LJI 

.iJiiii 

yLyO iolijn^SHl OJJLiil jjaj vi^lJ^-bW ^yjejil J—JLdilj 

4 (Aubrecht) dU-^—ijIj 4(1996, Brennan [et alj) 1.2 JjJU^Jl 
dJlS' ^jlJl oJbduil oLWjJL! H-'IJbs-Sfl oHa .[6 J-^ail 4 1995 

.ijSL^I oj JLiil ip|jL/> jjjiaj ^ HoJlp SJLSl^Jl 
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( 1 . 2 ) 

ub^ji ouv jJi ^ s jja« ipi^, ^.js j j jVi £»u*.Vi 


jjUi.ll biiji-l iuJI 

<?la *«-»j K*ljj^_£Jl j ./ 2 &B jJLlaj iljjjj-J i J j*j £jLi 1882 

jMl\ jLiU <blj^£J1 ojJLaU 

0jJ_ 2J1 < la < - d " : 7 ... u j-m-i ^LU31 j4* 1893 

<11*11 Jp *> j±\ jLdJ 1 

(Samuel Insull) J——]l i-JL^p^SUl SjJLUl IpLo? 1898 

<p! I ./all ^Jj Oj-i—jc-1 < C.. t <JTj»*i {^yJL^ ^j£* bl. >m^_i eJbjJL-1 

" as^ii LJbii 11 Jp <jidi jji^Ji uL 

(1)1 ^-Aj Jjt iljjjjbj ^ ilai?i oLVjJl IjLj 1907 

£^1 

<ol*Nl LsL^I <4- CilCtT i-pL^I <_-*j_SU-1 tj_*_j 1920 
_ <*JjM _ 

ojJLdJl oLS' 4_P j^j>t » f 4-*jLj ojJbaJl 4_P Llv? ol Jb 

<o ,U i^lkJl S^£II £JLJ| J\ IJSLtu 

OjJbaJl j-*J t__ 1 la7 t 4 _a_jL ojJLflJl 4-LoLij 4 _!LaJ 4_Il_>iJ 

oLpj-*^>*-« ^3 4-oLj^j^Jl SjJLdJJ jJc^Sfl oLSj-kiJl 
ojJLiJl JLJ jj j^Sfl oLSj-^iJl ol Jb .jjS I Jil 

01 d*plla**i*l AxjJbJl Aji Lp O-j d*>r**^gl3 V^I 

ojJJaJlj . 4-JL ojJLaJl ^JJLJ 4^-JUI ol^-ii pLo 

^JLp JUbo jjb oLjjJ^jo ^JLp iJLp-Li ^JLSl 
oj^li oJlS' pjJuij oLS 'j . (Economy of Scale) 

^jja Jil 4iiSOj j-^l 4 _ajLj« 0_£J| SjJLiJl ^jjjj JbJ jj ^JU 5, 

,4-jLj ojJLfiU jS I JJD ol^-J-j olk>^° ►Lj 


65 






cJUaJl jJb LqJL>- *£j2* J* (Load) J^>JI 01 

JJULuJ Ol Lo jl>«J| oL? j^j .£]| ojJLSJl ^JLp 

jJl iJ^j ^JLj SjjiflJl jlJ olla_>i^o 

L5^^'^ - 5 jj* J^TJ jt J^TJ 

^3 ipL- 24 jlJbo ^1 p ^JJl c-JLlaJl ^y^Sfl 

oIpL* o JLaJ LjJLia-a Oj^J Jl!l cJUaJl jJb ia—jJLoJl ^gjxcilj j^Jl 

c-JLlaJl jJb SjjjLSl OUaiJl jl o^LjJJ JjJjj (j* 

•f 24 jlJbo alJLi <^>*j (jjS\ ^vai'Sfl 

<Jijj}\ oLicoJc^oJlj o j***a il qjuJLS iuL^SOl ojJLiil jujuj ois 

* * s 

Lo^£>J| c^ojii L^po c* * 1 la 7 ^1 SjJLiJl JJD <SL-ktJ LaiSLo 

^1 j 4 JL_aB oLul LqJLlp ^pjlSI IJla sjl>wJI oLN jJLS LuLp^J^I 
.(REA) «t^J| pL** oL^Bj (TVA) 

( 2 . 2 ) JjJLsJI 


SllaJI 1999 ^ ^UVl 3UJI 


^11*11 Slkll JfcJ 

^-L&l 3UJI 

ill ^ 39.9 

Jailil 

ill j 22.8 

j^i 

ill j 22.2 


ill 7.2 

L5Lj^1 

ill ^ 6.6 

«£JJ^ 

iLI ^ 0.7 

oLliJIj i jJlj t .lllj t <jj1 j>~ jJL-1 


.(EIA Website, 2002) aJjS^A iSLtJl Jp 21UI ob>u 5>1 ^ : jJUpII 

4«jIj^X)I ftjjUll jl3IjJ 

SjJLaJI jlJ^J jSfI oLLlpmJI cJl? 

LftUaJl) oi la 1 j ^j-L^L-aSfl jJ */a + ilj .LJiLojoLia->c^a <_£jL>*_lJ| 
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»UI JA ( ojjUlSl JlJJj a]os>wJ0 J-JclIi] <LqJL>*I*—«J| 

j^Uajo JLa-1 ikmljj IaJLJ jj pJu f-L^ la** 

43lla]| j| i ^jc^Jall jLaJI j! t j >*>Hl p->*jall ! 4-JllJl 4—>I 4311a]I 

1999 flp ^ v-L.Vl olkJl (2.2) JjJb>Jl ^ 

4P^*>*J ^JUJl ^ i^-L-Vl 43Ha]I dS^l^-l <ya 4j jjJLq 4^-J^ 

OLJI */a JLLI—u JjJL>cJl IJLAj .4^—iL—#S fl iSLlaJl j_)l 

,4-Jj^JLaJI 4 C. A31 ^JLp 4iLlaJl oLo jJL *^0 oj\$\ £-3 y* ^3 4_la 
ojHJ 0^ llA Lj^Ll3| pj JLij ,4 -^Jj-Sj 4-J)L^a_a~Nl ojjb jLxpl c—>*J 
43Hail oLojJL*-<J ^jLjl^o j.A ^ a ^ 431L ll olo 
4*-oJbSfl o j 5^3 4AjU<a^Wl llHajJJ .^-1J <jUaj Jp LfJj 

3^_3^-li ol .4 » *■*L—>Sf I 43 1 la li */2 a <—1 Z >r * i A A 1 * 1 * li 

0jJJl ijLfJ ^ ^LJSfl 43 1 la 11 jljLJI jJUA-flJl jLS' 
jj^ Jl ^ tJL>- <*$} ^jJLp 44-JLj^SCJI 4illa]|j 
pJajuoj t ^jj lS^UJI OjJJI ^JLp J-JcAl] iSLlaJl ^yi Lp^jJ 
.4jL^£Jl 43Hall jJjj ^ ^Jo 43Ha]I 

4yy>tJgll^jOJ^g£)l 2.2 

ol ^ Jal j 4ll*u> *| J^o ol j^jJLaJl jL» ^LJl cJ^p JLa] 

JaLkJl i^JL^a ^,,^3 ll jj JLlP *| y* ^jIs^ 

U? {y* oL/?Lm 33 ^ e^j-aJL 4eJj-vaJL 

<Jli* IJLa .(jjjJl oLv»Uai] ^ ^wa-aJl v_jJLa- ^51 ejL>- ala 

Hjo * Jl cjjjLo j-a-Sf I JLJUJlj 0 jjk Ha ^^i-P Jb>-lj 

LJL5i*-J jl5j ,cjL>*Jlj ^jLHI y >*Jl ^HJl ^ IjjH - 

.^yJb^o i_jL ll— o<J lij ijjL^S' 4>oJL/? 

i_jJL>iJ 01 (^HallJCgJl jl) CIajIiOLpLoJI JjLo }\yt J 
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IS} .1 $ » * Oj^ ^ {£y^\ al y> j-a^u jl 

ojol -iaj^^JLui c *l3jLflJL) L-* ^I^j>cj I ^ a,w^ [AAiAiIa*a<o C* w 

JliLo ojAril |Jjb ,4 _a jA j c^l>c^v?I ^^^LJcqJI ^jje iujjLSl Ojj^iIsJI 
jL~o c_J j->«-j * LL ■ A ii JU^oJl ^jJLj .4. ^. Ll: > j ejjbLb ^JLp 

.cIIjjjJaIj i^Lio ^jiavaj ^]| oIjj 

^j-4 qL*/?L?- oli]L>- L«jb 4.^.Li:* A ll j ioL^£]| jjbLlajl o} 

^ y>-\ jlaJ ,4-la-^Lix>oj^S 3l jjbl j- 1 S!Ij iijj-*-«Jl jjbljiSSl <j^o ^Ip 
JJ ljl Sjl?-I j (Michael Faraday) ^bljLi JJLjL« <5 j^JL^JVI 

CU^oJbj .A^a-a-^Lx^oj ^j_£]| j-aIjLU A-JjSSAM oLIjjdl 

»L&1p £y> OJL>«i^«Jl A^OjS^t l!l oliLJl ^y> j£. S3l (JjljljU 

«4 ***»*!?<aa^Ij j ^LaJ 

Ji^L. iijAS ^JdbSL-Vl ^LJI ^ 

a_p L_vaJLj oVl ^ a : » 1 Lo jJl J ^ J jl (James Clerk Maxwell) 
JbJjJl JUpI ^Ijl>*i— Lj .iJL^II LSLoLjjij aJ j*** J^i\ a^v?L^J l 
Ju^-^L. UlAzS \ t^bljLi *JJS ^ ^ <>^LJl <y> 

^ ■» " >■ «wA-s^J-l LfJl ■» » A **l oV^ l * ■» 1 | ^j-jO A-P J^Q*J>c_jQ 

oV^Iajo d» .» .» j- j .iilJLJl iijjj^-oJl a a a 1?Llw->qjoIjlaLJLqJI 

C^>*v? jl J t A-^-^LlioJl j iu^£ll ^ AaaJ oIJLA Li-o.il Jj^aa^Lo 

o jjJ jI^jJLlj^o ol j ^ la 4 A * « LLJl-qJI j A_a_j j«j_^Jl ^j_a_j j-A_Sl c)L 

Jjij-l-^Lo JL>ilJL^I 4kilJS ^jJ} iiL^WL .oJL?-I j A_a-lal^LJljo 

L^jJlSl AjLi3 JJJ - fcJ , yj 11 OjJL>cJ 0 0 APjMk-U AjV^L*JO 

.aJLojcoJI ejjLj-dl dJJS Jbu 

jl aJLoLSo oJj-s^ ^°1 *** ^Lo AjLl? 
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SI J ij 1 "^ * oViL**) J^jlilJl ^ ■/» A ^1 ■ Ai af 

.(Jackson, 1999, Appendix) JbJIS ^ 


V-2) = p ((Gauss) ,j-jIp ip IS) 

(2.2.1) 

V • B = 0 (i—ipi*) 

(2.2.2) 

V H = J + — (jjJ - Jdp-Sl» 0pli) 

3f 

(2.2.3) 

v . J f = _M (tfbljli OplS) 

ar * 

(2.2.4) 


.(C/m 2 ) 2 ^/ f ^L t Wj>l D 

.(C/m 3 ) ^ p 

.(Teda) *5 L-i31j J 

.(A/m) jZs/jj^SIIj JLjmJI jj 

.(A/m 2 ) 2 jj ,/ j ~ a % <jU| illS J 

. (V/m) jLg/dJjiiL <JL»mJI p 

( _ r Lp O U * * ■ J H . lal 1 n + 1 1 JUmJIj D 

* ^jIp U^ ibS 

D = e 0 E + P (2.2.5) 

H = -B-M (2.2.6) 

Mo 

* i , * 

.(C/m 2 ) 2 jIo/^jJjSUIj tJa*>SaL« i_jlkas~.l p 
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, (A/m) JLb j Li i U.-jtl oiL» ■ a — \[ 

4m x 10‘ 7 N/A 2 = £1 jiiS iiliJl J^Ijw = 

. ^j = £j_yil] Jl JjoLxjq = £g 

. 3xl0 8 m/s = £1_yiJl (_,» * j^aJl = c 

b fi ajSLLJI jjJ-p <Jj ./»>«-! I 

(2.2.6)j (2.2.5) AjbSo ^jaIj»JI Jc >-jj (jjilo Ja*«jJ 

:Sj^l 

5 = e£ (2.2.7) 


2 = fiff 


( 2 . 2 . 8 ) 


(2.2.7) ^ 

: JbttS (2.2.8)j 

5 = b o£ (2.2.9) 

5 = ^ ( 2 . 2 . 10 ) 

f [f'iHoJ 6/6 o 0 l * .... * 1 1 f 

Ql>rlla.A<.ilj .jjJljlJl t ^ .... ll l AjjLilll ^Jjgkjuj (<JjL*Jl djl? jt) 

j « ^|JL> T ~ . *1 1 ^ 1 ^ . ... i ll A-Jp l a '. l l A-jj l a *. l l gJ^gLiu 

(Fanchi, i.*L-»Jl J^LujSfl ^ ^51 jj>J| ,jiJu i_iv>L»L *j 

. 2002 ) 


: ^ fi j ^gSHl A3UaJJ iJSHl iiliSHl j 


u = ~(p -E+B- h) 


( 2 . 2 . 11 ) 

4^A>\mj j^SHI AiUall JiJJ § (Poynting) a»«i< Jaju 
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S = ExH 


! j eJL4_>-Lk*uo 

( 2 . 2 . 12 ) 


dUJb t 2^-[ ^.a oJL?-j JS3 ojJLflJl *[*j] ^Hjjj 

(John Henry < 5 ^ 1 * 0^Llaj^Jl ^Ljj^-aJl ^JLp ^ i-—J 

Allis' .Lfv»SU<ai- yo <J j! y*j t (1914-1852) Poynting) 
oJL>-j ^*C jl t o\U~U lljAljl 

(2.2.13) 


, 5 

*~c 2 


4 * *— * Iff Llxjo ^ ^>3| Ij^kjqJLJ .13^->*-aJ I 4 *,» ^ 4jj*JLo 

: ^ «/ 

(2.2.14) 


s<> = 


Po 


-. Sq Ex B s 5 

go =-J = - 2 =& 0 ExB 

c n„c 


• J 

(2.2.15) 

.(2.2.10) aU«JI L.J^l-1 


; AjjI a!jL*>0J 

^ + V7 = 0 (2.2.16) 

dt 

f-LfiJ ^jAj Jjj-l-aS'Lo O^^Lajo t jJ0 

Bj B c)t LplJii*i-.l oM^Lajqj 

Bj E ir^JI lsW«j .£1^1 i^-JI iW*J 0 ^ 

: ^ £1^' LJ» 

V 2 5 = -^^? (2.2.17) 

c 2 dt 2 
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V 2 E=~^f (2.2.18) 

c 2 2 dt 2 2 2 

^ v2= h + i? + h (I * placian) v 2 

ji!l ^ Bj E <lx!^x* oLJIj^I 

QiilaJ ja Bj E * c = l/^oH-o ^ 

.E=cB iS^UJL 


4*«JbS[l ^~^>- fj* ^ Jjj-SLi oMaljw JjLoJ 

<y .kjlslji ^ ^ji jZ 

tjjjpJLjqJl ^J-V?J^qJLS (£j la * ll ^L-iVl Jjj-l-lS'Lo oM^Ljljqj 


^JLJI t (Classical Electrodynamics) io^S3l LSLoLjjJIj 

^ ***'>■ JjU .Lu^^ 4lj**A+i\ pL-^Sf I j>- i^\jJu 

^jjfl^ V 4Pj^wJ ij^>bJj Q 4l>bt 

: LajIj&q s^5 



+ V 


vxb) 


(2.2.19) 


JJLLjjjJ o jJ (2,2,19) iH**JLj Si la ■ A ll fijJaJl eJLjb LS ^J 

ISLoIijJlSI d**x) jJj , ( ^uJli]| ^liJL ^ >jjo L^jLS*Jajj t (Loren tz) 
* * 

1.... .*j Ii *j - A]! If^ui 4 *j jg 

.SLUlj 4JbS3l ^ 4S*jUU 4LiiS'lj 4....:1I 


^ >JI : i.2.2 Jli* 

^ q 4iij>^ij m p ..ly ( _ f Lp 2yJ-Jl ^ SjiJl 

: </* E 

F = /nr = gF (2.2.20) 

OL?ij^Ju aJlA ^jS- 

: (x, y, z) £v»jJl 
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( 2 . 2 . 21 ) 


mx = qE x 
my = qE y 
mi = qE z 

{*, y, z} ^ iib 0Ot JUmJI oLS" y,j 

<Jji? <aL>ijIj c—iLj JL»mJ| ot *■ 

a^ j?*}\ oV^Liu {E x , Ey, E z } = {0,0, E c } z 

:Jb3lJSLUl> 

mx-0 


my = 0 (2.2.22) 

mz = qE c 

JLjmJI A^-JLi A^J-jjO Al>ut olj aJL>cP o 

tS^ JI»*aJI el»*Jl Jjij fctt 

*=& 

m 

'. j^jlp 0 j£‘‘* jLauSJ 


(2.2.23) 


* = *o+V 
? = .Vo+V 

z = z o+V + ^ 


1 g£p f 2 

2 m 


(2.2.24) 


(V V v *J-> fr-^ y^Vl t/* (*o- -Ho. z o} 

. ri A->JJ AaSIj^j^I ap^-JI 


^.iii1>1:«» JIm n^i...-^.ll :2.2.2 Jlio 

apja-j <7 Aii»u£_y m ai1i 5 pAu>- Ip SJaJI 3ijiJl 

• B ,j— aJ ^j5Lai »i (Jl»c4 v 

F = ? (vxi) (2.2.25) 

l?Llj>-«Jl «^a9vJIj apj.a! I i_j j./a II B xv 
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— b iA**>*j z jlot { j^jijc1 

^ r l>JLS i£^>Jl oM^Lajq . Z ^ jlj^Jl ^ oJb*-jJl 2? c fc 

;Sj^aJl ^jIp 0^*- 


mr = q §*B c k)=qB c 


/ J k 

x y z 
0 0 1 


m(?i +yj + zk)= qB c (yi -xj) 


(2.2.26) 

:jt 

(2.2.27) 


eljL^oJ O > y^Lx>0 vJj^J 4^j>bLaJl mJ^LjcqJI eJjb 

• 0| t 4 a^J>uqJ| vJ^IaS^oJI 

mx = 

my = -qB c x (2.2.28) 

raz = 0 

JL^JI oL>tj| ^ M ot ^Iaj 4j>bIjJl eJjbj 

W **■*!» 1' ^^aaauqJI * Igj * W ,»11 

.SS^JI 

* * * J t 

lij LJjJ IjL^o p^1l>JI ol iS'^Jl oMiljw Jj>- 

^lauJ^LJcoJI <JL>baJl eL>cj| J j]p 4ip oLS'^>0 dJl^ 

<y ij j3*i+** l^Jl OU t ULi* <y v z = z = 0 cJl£ lijj .jiv? 

!■ - -^^ p V r . 4J*jLj 4j^1&3 ^_j£a^2j 4_£*^a^j X~y ■*-*■ -* 1 - ^ ^Laauo 

0 ji £jo 4 a^^LLxj«J| SjJjJl jIJjLq SljL—jLwuoJl jJa3 1 ^ ^ 

: JULS ij^JI v i>JI 


?*A = 


mv r 


r _ mV T 


qB c 


(2.2.29) 

:jt 

(2.2.30) 
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WIVr 4*^5* ^IhAjSjo l 

^jJlSIj r jJaJaJl i <3^Jb 4 j jJaJaJl i a ^^ 4 _Pj^l-JI 4jLl5' 

! iJbJl Sj^aJl ^jlp ^jl^Jl 

<?*c 

m 


©c= — 


(2.2.31) 


(2.2.32) 


^^lll ^J>i 1 liJj .^yjy 1 ^^llL) COq (^jljJl ^^lll 

jjI (j^*j jJjJajj oLo-j-l^iJl O^jmjo ^ ^yjjjjJLSL—Jl 

^LoJuVi o^pLlo 


JLj->*Jl ii^Jb j 4jLl5 i 


• ^auJIa]| Ln < A ^^j>cILqJ| kX^^cJl^ O 


E = -—-V<t> 
dt 

(2.2.33) 


• J 

B = VxA 

(2.2.34) 


LA5I jlj^>Jlj L-Sil LvajI J*£>Jl -J 

lJUb jjUaJ ^jL>- Lj-l£Jj 4 jqLa oJLjJLP */a V Lo^j ^^_>cJLaJlj 

o'^La-qJ 1 * * *t $Lbo JLLP ^ y ?4 Syo < *J-J J ^ >JLS { j i 0 jJlHsji .c_jLl£J| 

-dUl ISLilSLo 


jLsJI 3*2 

LqU (jji ^ijj «y*Jl ^Lj^S^I jLiJI ol 1-2 p*ill ^ Lj!j 
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oljLdl ^1 ^j .LsL^Jl lJ 

oliL*^ ^lp oe-Li^j L^-Lajj <LJiL) j4&\ AiUaJl JlJjj S33^uJl 

IJLa ^3 C ( ^Pj-4^j-<J| (jjJLa ^ ol .o J^S 

^JLdj Ll^«j dUS JLaj jIuJl jLlJl jj \jjj a^a>La>VI ^v?L*J| 

.AdL j 4 &\ A^UaJl ^Jiij JlJ^P AjcwuAjJLsLo 

LCR Jl jA\ D^Sh ^ jUl 

.33 jL» jlJ o ^j|jJ <L**L*w*yi ^-s^L*Jl (2.2) J^dJl jj 

t (L) t (emf) S 33 jJLo i*ib oji J^dJ oJLa 

JlyJl SjSb C3^3l«-o ^Jj>- jj& La UiJLA (/?). iojLLoj t(C) 

. ** ( VpojJl i jLdJ LCR 

LCR SyljJl j-^Lp j«*p A^j>*J! (3Jj-® 

) aJUI AhbtoJl 

(2.3.1) 


emf 



jl$j>- Jy Jl^ « y \* ^ j jL^I 
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^ .(2.2) JSLDI Jajh <>^1 ^ aju> 

:JbII WjiJl JipJI 


V ha = e cmf sina>/ 


( 2 . 3 . 2 ) 


ixiljJl S^iJJ ijJbJLSl jjb 0) tSjljJl 
SJjhjlJI ol/if jJI m jiJl jLiJLS v=oo/2tc ijJLJLSl 

J ^ >Jl j_a £ fmf cujLuJI JLj_>tJl .00 = 377 s" 1 jl 60 Hz oLp j_a 
KSc JLj^>Jl Jjij .t = 0 j^jJl JLi* JL$^>Jl cS^ 

di 


r *‘ L * 


(2.3.3) 


• L ciuLsJl i jLjlJJ 

! jA (wd^^oJl 

v de =^ (2.3.4) 

J-s^Uj jjb jLiii is^ipj . c iijiiJi i**Jij q 

:£>1 ^ t| yjJl Jl i-dL 

i = — (2.3.5) 

dt 

ojllJl j^p JL$»J (_j (Ohm) 0jjli h.lanji 1 1 

^bJl I (jip 




(2.3.6) 

R. oli)l 


Z/CZR SjJIjlS jLjlSI 

:d*u> (2.3.1) <U*JI (2.3.6) JJ (2.3.2) 

e^f sinocrf = £— + — +iR (2.3.7) 
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J* L-JL (2.3.7) iU*Jl LJUli 131 

! La^jJL?- jj olpj jlmj jLiJU iJliSl AJL^LiJl 
d 2 i n di 1 . 


7,^-^ + ./?—+ —/ = e cmf ©cosort (2.3.8) 

dt dt C 

j-A (2.3.8) iLL«JL! Jb>-I 

/(/) = a cos to? + 6 sin to/ (2.3.9) 

: La bj a 0*jLLJl 

(2.3.10) 


Sgmf-AT . Egjnf/? 

- /? 2 +JJf 2 ’ _ /? 2 +2f 2 


(2.3.11) 


X = X C -X L , X c =—, X L = Lid 
t»C 

tijlsJl aLLJIj tilpLUL JTcj tJTrj tJT o*>LLJl 
(2.3.10) iLLJl yi fLUl jJLj .Jljsll JL aJLLJIj 

I iSjLJl 4jbS” ^.SLj 9 , Z iSjLoJl ^A 

Z = V* 2 + AT 2 = -v'/J 2 + (X c -X L f = - ifla j (2.3.12) 

^ ^jSlI jaj ( LjULoJI oIjl >-j L_$J iSjL_Jlj oLLLLJl 

.SI olJb>-jj| ^Uaj 

oLLSJaJI olj-j-L (2.3.8) iJdLft-aJLi oljj-T 0*5^- IILaj 

: La LaLJI 

/(/) = / 0 sm(co/-5) (2.3.13) 

/(/) = j 0 sin(to/+<|>) (2.3.14) 

:iS*jLJLi ( Jojuj jL^l <jj+*25 1 L-ill ^ io 

h = j "*"* 2 (2.3.15) 

<R 2 +X 2 


78 











co C 


: Uaj jJJI bjljj 

> 

-coL 


' 1 ' 


= -0 (2.3.16) 


(2,3,13) ^_JaLjLj«Jl ol Lj-j—J aJL^—JI AjLjaJl 


|.JL^J ot ^ (2.3.8) *U«JU 05U. Ua (2.3.14)j 
JISL tt iSJ^l JJ (2.3.9) &bj| dUi j islsjl 

. (2.3.14)(2.3.13) 


LCR J \jiil Sjib ^ 4-^531 sjJtfJl 

A^LS' JLp Z,CR JlJl o y\* J iSLlaJJ jUoJl J 5 JL 1 JI JUIaj 
jl Ji—Wl aJL>- J i ^ 1 * * *17 pJ' LCR SJIjlSI ot { j &jXiiJ .LjJLi-iJ 

(Jj (wdl^oJl ( J 4 jJZ>*- oJl A3LlaJl jpji Jilj 

J>^]| (Jjjuoj . 4jjI j >- A3 LI? Jl AojUuJl J 4**JaljJwj^£]| A3 LlaJt 

:ol J\ .a^JGI s^jLdll yb iojUJl J iSLUJ 

P(f) = i 2 R = [/ 0 sin(o)/ + 0)] 2 (2.3.17) 

^ yb ojJLdil A3 lla 11 |j3iJJfcil I JUbj 

J iP=i 2 R 4jojLL«JL! jLij*j_£Jl J y>- OJLS JLp 

JL&3 (J y>- t A*SL) j% < A3 Li? aS*j*l£ (J Jaj ( jjo O], 

xjy~ isit jj ASOaii 

JlJl S Jta J tiilkJL! jUaJl JJLsJl jl tSjJLflJl Ja** jIjqj 

: AJbJl aS^UJL Jaxj Z,C* 

^y=(*m») 2 ^ (2-3.18) 

: J^ ‘jb^l £y j-W ifina <^-y- 
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sin {cot 4- <p>) JL>Jl jIj o j-j-laj ^LiL«Jl ^ y/2 

\ j* JL$>JI t5^ qj* *(2.3.17) itaU^Jl ^ 

E rms=^f (2-3.20) 

i)b£] ,j£L*i firms ii rms J-f>*-!l <ijij jLJl i Au.j 1 j> lji»- 

ojj-va-ll ^-Lt 1 LCR O^J b 23J ~ ■. i t jl. .1 1 J a+mjZLb 

: SJIdl iSlSUJl 


P = E i 

A av °rms *rms 


( 2 . 3 . 21 ) 


^adll .ojJLflJl JjqLp COS </> JjqL**J| 

. 1 jJb SjJLiSl JjqLaJ 

jj Lh^ajj .4jojLi«Jij <ijL*-oJi <Jta ojjlsJi JjoLp oj, 

^1 JL>«JLijiL) 4jojLL«J|j ^jJLp ojJLflJl J^a Lp ^LqJLpI 

^ SjJLiSl JjqLp 4jIi^j 5SjL**JL! (2.3.12) 

. R - R R 

cos0 = - = 1 = =- = r s- - - (2.3.22) 

z yjR 2 + (X C -X L ) 2 yjR 2 + (l/<oC-L(o) 2 

(_$jl LoJUp LCR jiil 5jjb jji 

1>jJ- jli t(_5jljJl wyJl 4 _NjUj .i_JL»«Jl aJLpLLoJI £* 

I jA LCR j^ljiil SjSta ^ 

1 


x r -x,= 


co C 


- Leo = 0 


(2.3.23) 


t^jljJl iijjLSl Jj>4 fjj* oJLa 

; iJbJl ii^LjcoJl ^jljJl WjiJl LoJip ^Jo^j 

1 (2.3.24) 


^resonance ® J_,C 


LJjL^o «yuJl jLiJl jJ jjJ (_5jlj aa^ij LCR ^1 ^iJl l yb 
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Ja u *jJLoJ . COS <t> — 1 SjJlS ll«la WjjJLJ 

OSl P av = Brmsbms <1>1 <_£l 4 S jJUOl -k^.J-A ^jllSl SjJUiJl 

.COS <£ =1 

s^VU J--JI : 1.3.2 Jti. 

^ i^JLo ^ILq-a 3 iS^Jb oLp 4lP j^JLJ <a5LjS j^J^bU j-A-kJLli| 

JLj_>*Jl . A-jLf j ^ *xJi ol j^JCLoJU ^Jj^oJI Ja^fjJLa jJlj>-j OjJLflJl 

firms = 120V J-A SJ>mJ| oLbf^Sl <y <£^ 

Ja^^Lo jJL>J 1500 W ojJjSJI Ja^i^Lo JLlP <*jUL>*ja 
i^iSl jU 11 ^jL-u ojJLiJl J^oLp oLS lijj . 120 V JLj_>«Jl 

• 4nu = 12.5A jLjlII jkAj>*J aJjLlqJI 

iJL^£)l iSUaJl JLj4.2 

iJLlaJl JLJjjJ ^Jjbfl 4 _jjL>c_iJ| oLla_>c-«Jl ^ la * * OJL«JLpI 

^LJl cJ^p jl 5j .ailflli ^L.1 jJL^a^S' oLJl jjiJLj ^ylp 

• 4-»jL>j^£3| A3 Hall JlJ L^ol JL>^LlxI ol d*3 jJl ^j/a >J 

JjiJLI j .iJiLojiiUa 5Ja_>c-«J Lhvj-J La^j (3^2) 

(_Jyj| -kj- t£jZ ~-«Jl (_P| oL«Jl 

^ 1.»li ^LmJI ^^j3j • (Penstock) ^ti^j ^ *~*i ol *■» )i ^3^x j la< i/aI 

^jJj 4_lbf ^—-L-nSf I 

> > 

lal. w^ < LoJ ^Ls^Ijo jjiljJl jJi-Ljj , jJj-«Jl ^j-«-P 

J^LUL! A^LSLJI <3 Hal I jjL« «wiL«j jl «wiL«J 

jHiil 

ijSLijjiJl j^aL^Jl <jM»> iSUs> ijSsJlSLJl 5SUaJl 

. 4 V-L,S!l 
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^3 Aj(JjJLj 4j>t-JLj (Jl>t-o LJLIj 

0LjL i*-oJI (jL>«-oJl (4.2) .cLLLwmJI 

jia jLj jJj-o pLj ( v^oj .c-iLJl cIJULai jLxJl 

<JL>*» ^3 La^jjJj ^2j cLJUL*ai ^ys AP jl+/2A AjLL>- ^ys Ja^j 

(jLj>t-oJl JsjJa->- 3JL*J ^a»L*JLo j-A ^^_A-flJl .Ca-jLj 

jjJLj aJLL>*J| I 3 I 3 .AjLbtJl Aj>-Iaa^o j-oJ ^ylil ^yAAL^ll«-oJl 

^ * ~ 
ly*-a jj jZ*jo Lgjls B AjJLaai ^yAA*^bJca (jL>*-o ^3 CO (£j\j 33 

#> #> 

! j-A ojl JjLo ( V^ojJ| £« I jaJOLo L^^LJco 

O 5 =fi^coscor (2.4.1) 


cLa>*JJ OjjLS .^o^il tj i ajLL>*JI a^La*-o A d^>- 

jJL*J Aj>t-JLj 0 jjIjJI ^y3 Ljjtj jJ jJLj e em f 4 -aJj^ ‘T A-Jtil3 0 j-3 (jl (^ylp 
£A A-kjIjJI 0 j-dJl ^yAAL^ll«-oJl ^4 *^ll 

.0 (J^>- ^^yAAujpbj^^Jl ^J0+a\\ ^yLojJl (j Jl*^j l 

#1 

—; 33jZJ» jL*J Jli j_«J V ^£J| ijtiljJl a^JL)I 0[ 
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(_sbljli 0jjli iiJb- N jJlp ( _ j JLp <£jZ>* j 

:JbJl _^l > 

ja 

Eg—r = -JV—*■ = iVB^o&sinectf (2.4.2) 

emf dt 



yS Ojjls ij^JLk* (2.4.2) ^ iJLJl SjLiVl 

^ ^ p 

tlIIj L^ju ojJ^JLoJl ^£)l ajcjIjlJI o^jiJl Oi ^jJI (Lenz) 

^ * ** * * 

iiLLS ^jLkj ^Lj>t-o Jl!j-j IjLj 

II 4-a_)^ 1 oj_d_ll .4-d-U*Jl (J^U- 

, * 

LIjLjj^ IjLj jJjj e cm f 4-Jj-g-XJl 4*iljJl oj-£jlj (£ e mf)max = NBAW 
jLjlII j*JLj . R LgJLojlJLo <L*j>-jL>- oj-5li /“ £ C mf/^ Ljj_jLj 

ojJlHJI ^ T/Powcr iiUaJl OPUS' jj, 

i (Input Power) SJU-IjJI ojJlLSI ^ (Output Power) 

; Oi 
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(2.4.3) 


*1 Power « •, | <| ^ 

AjliUI Sjjill 

j<! <H jLlil iiLU JLJjj J^oLtJl p^uLAlJl ^JLlaljj 

S*LiSj SjJLSJl JjoLp ^ iijjw ^jZoJl 


I SUaJl ak» *bt :1.4.2 JlLa 

J* iai- 100 MW cjJiil oli iiUaJl f 

JUI -ki- ^ jLdl jIjULs .iill|i..^l| J\ *1^1 jiJ 500 kV 

j^vaiSl P av = firms inns «j4iJl ihljui y> i—J> mJ| 

oli tl j* Jb 0.9 ojJlSJI ( JjLhj t)L5 I3J .inns = 200A jjk SjJJ 
^ lib .irms = 222A (2.3.21) ^ jLiJl 

ik*«Jl St-Li5 <^Li t100 MW Jjj it 120 MW Ljjjjtf ULi> ik*^. 

.83% j! f/ Power = 100 MW/120 MW = 0.83 <y> 


LSU^SUI SUall ^tdl : 2.4.2 JlL. 

ji — J-jaJI ^j^fiXj a j * a )i jLuJl olkiJ^ ^maj jS: 4 1 

.((A) jj-aVL) jLiJI ^ Lj^ ((V) cJjilL) J^»JI 

jA 100 kV sjJlS j^>- jlip 100 A ojIjJLo IjLj j^ji m JJ* jL^j jJjjJ 

. 1000 kVA 


ajL^i 

j « a II jLiil J >T * .M*bf 4_*jLj j ^ S f-l_Lj JLflJ 

Jjj»o jA JJ SL_ ; ^S3| 

AiUall La^J SA-uLj j^S ^^>.1 

^ ti a ^ : .ij j* £*>lj <_s-b> 


84 







I y>^\ OJLdJl y# JuJjiliJ LJLp LjLIJl$j>- 4—JUaIj 4 J-AlJl J qj>- 
JLg->Jl <uLJaj-j o'bf ^ jJLj . JJLlSI Ja>- ^^ojlJLoJl 

(( £-3j JJ-^ )} J-^JI £±jJ 

L fj J -fr£3\ cTp*-<Jlj * (Step-Up Transformer) 

^ . (Step-Down Transformer) i >- J^j>^»)) j 
^ ^0 ^3j Jj-A Ti 4(5.2) 

iJLfc ^ T 2 cTp«*Jl j .JJiJl Jai>- ^ JLp JLp- iSUaJl 

*■» 

JaA- L-^-yJ ^LaJl Jl$j>*JI J j-?*-* j-fc 

0 L»^A >*-LqJ j OlO^-^tJl 4— L^i 

.^^jLwwJLo Ljj_S«o ol Ja jJL*i j ^ JJLl!| Jaj>rJ 

J-aJI Jai- ^^U-aJI 0^j>J|j 

ol ^^o-> (^J-Alll -^ a ^" 4j>0 aOjIjJ 

(Wiser, 2000, p. 197) 750,000 <y J*\ J\ 100,000 V JSl ^ 

.V 


^-?- 



4l\±l\ Jaj :(5.2) 


* ^ * *** 1 O^tH (6.2) 

« <; > 
jLjJI jJJ yg.:^. 11 c_aLoJI .^jujl>- 4_Jo (J jj >- Loj&L^JL* c_a] ^^aJLo 

C-aLoJ!^j ^ aA] iVy iJlP ^1-P ^jIOIjVI 4_ALoJL ^o^*j ^LoJl 

4->..l A 11J .4-dJ N 2 ■SO-P ^-L-P ^ JjLiJl 4_A_1 _oJ| J_>-^| 

c_A-LoJl yja <&b II lla^«j jA^j ^JUJL>J| 


85 




* A ll (Jj-*-oJl j-iLiJl C-i 1 -o. ll ^^Iai-j^I 

^jJLjj>cJl 0^* j^yJLJLjj (_s® 

: JbJl j>^\ Jlp L^b* jSUj ^/hJl 




"~dT' 


V 2 =-N 2 ^ 
2 2 dt 


(2.4.4) 


<LjIJCj^I oiJL5| ^3 ^ylJUj^l (J^p^Jl j$~H 1 ^JLiyiJl j%-5jJl 

( v^oj .Ajjjllll ajj|jJl ^3 ^jjlill i_i 1,0.1' j^r^i ^ (^IbjwwJl jilj 

^-iLoJl jLllI ayb ^ ^^^Lk-oJI ^^.flll ol Allx?-^Lo jjJj>*J| 
^-ojJl i^L ^^^LJt-oJl ^^ill J-^lij ob JbJljj <> JLkii 
jLJl y \^ oVob Jl IJL^-I .1 J &+0 ( 5 jL*j 
4&[]p ll J-&J t j^JwL-oJl 

.^iUJl Jl jUl 



?*1J< in ^ Jfj^a :(6.2) (JiuJI 


eljL**oJ (2.4.4) ibU-Jl ( v^o eJLuLo ^l-p (J j ^ 2 j >*}\ LlSCo-i 
! ^a A>tjjiillj d& B / dt ( v^ojJl ^j, a^jJLj ^**uJsLi*-oJl ^^ljiII (3bi*il 

r >= r '%; <2 - 4 - 5 > 
c-il-oJl coLil ^Jlp ^^5* I ^c^aJLoJI coLil ^Jlp <1)1^ bb 

SjjjLiJI SjjIjJI ^ Jlgj>*Jl ob iN2/Nj> 1 oj, t^loi^l 
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jjb iJjbj .ijJlJUj'yi SjJIjlSI JLj->Jl fjj* 0 

^ £ij Loj^p (5.2) j£-iJl (J* 

-JJilJl <^4 JL* iilkil 

<>■ hj*^\ (ji <^^31 

iJUJl oLU iJLP Jjt>*j iplJH}^I 0 jSIjJI ^ 

£->jJl j-* Uaj tf 2 /JV> < 1 OJ 4 _i-L^jJl oLU iJLp 

J^J>- Jl JiJl Jai- (ji (jSLJl pd L°^1P (5.2) JSOiJl 

. JJUL$i*~JU <jcJ Jit 

iwdJLoJl ^Jl <JL^UJ| ojJLflJl 0j-^-J Ot-i 4-iLlaJl JajL>- L -1 

! 01 ^t iJUJl {jA i>-jl>Jl ojJLdJJ 4 jjL-jq ^IJIjMI 

I 2 V 2 = I\V[ = *>» (2.4.6) 

.JIjiJl JU ^ylsllj J\J*y\ ^iUI OljLJl /2J /; ^ 

lil Jaii 4 uLj LajLSjI idojjUaJl ot (2.4.6) t j2Jj 

JlJi/ifl Jl JL ^ JipJl ^ SaLj Jilj 

Ojjl jl!I jLiil ^1 <-4 —jJLj ijjjLiJl s^sIjlSI ^ jLiJI ^ 


j/a a ^ Jj* 1 * p ; '» «■ **? * 4.3.2 Jti* 

240 ^1 88 kV (j^^- Jj->^ p-p-j <jt 

^0 j-jiSo Jit 0 J^i ot S^JljJl ^3 ^y^jSOl .V 

oLi) iJLp ij-L-jJl OLi JUJL! syljJl ^ ^^SOI jl$>JI 

JLp 0^s- ^iJUl oLU *jlp Jl ^Ijli^I ^JLJ\ 

:JWI 


N x = ^ = 88000 V 
N 2 ~V 2 ~ 240V 


(2.4.7) 
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SUaJl gjy 5.2 

JJLa!| < 3 LlaJ) JJLJl -kj_k>- 

4_bL**Jl OjjJLdj ( j£*u JJLJl -k>- J ^ jLLJI <_£jl y>*]\ 

J>Jl iL^j- ^Lj^SJl JuL* JJLo i^iLJl JJLJI -ki* .(2.3.21) 
4 jqjUL*j LCR ^jJIJ j Ojjta LjjJLj ojLipl C LS*,t J 

^LaJ^ Lll^oJi tiSUJl cJA ,Jaii SJL>-lj 

SjjLiJi j*Lp z->r oi ^ t-ka ojUJi i>«^ iijLxJi oj 

COS 0— 1 jLlJ jJjjo ^0 ^jJl jJl!| J& <JL*aI>° 4 jqjUuJ 

3JUJI oXa J OjjULqJIj Pov = W i™ J-* SjJjJl Ja^-jJLoj 

,Jjil!l Ja>J OJUL- (JiJlJ 4jqjULq 

(J j_k SJj-j 4jojLL«J| ^^A JJLJl -ki- 4jqjULq Of jA lij 

^-?ll 4 ->*-aIj ojJLfiJl JjLfiJl *wjL-j>- <jU t-k>iJl ^jja Aj^ 

<jLl£ C <JUJl eJA J . J-iJl -k>- ^ 7X J j-k ^Sf ^jjojlioJl 

: Jti\ j>^Jl (2.3.19) ikLJI 

^av=(W) 2 A^TL (2.4.7) 

^JjLJl Ja^- (J jiff SiLjj «_a SjJjLSl ^ JJLaJl jl llA Ja?-^J 
-k^a*- (>° J* P- 5 - 1 ) Jj^kj ^SUjj .i™ jl^l 

.^iLJl jLJlj «jzJl jl~l) J&JI 


j SjJLiSl ^ JULaJl ^y* JJLSlJl c_*p^j t^Lp 

Jl U^iyi iiLkJl jlJULo SaLj Jr] & JjLSij 

J JJLaJl .4 -jjL^| iiLkJl 4_k>*jo ^j_4 



1 I k * a J . JJjjJl <iL*jo a >«j jl jLlJl a >nj SjJLSJl 

.kllk JL4J 4 jI ^1 t 1*1 ^P IjLl^ ■**! A3 i^ 

^j_4 t_j jjJL) 4-j.pLiv* sLiJjj ^Llj jLi^I t JLS-oJl ^^>1 J& 
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01 43 IkJl JJLi iiJKj JJ8 JJUlJJ 43 Ik 4_k>«^ 

* t 

(wiJL5o ^3 oLj JlS jljiJl lJUb oL*-J Jo] 

.J^Jl 4 ajLv 3J Jij 

c? *aii- jjb SjJLill ^ JLfliil JJUilJL! LJUp jL>J| 0} 

JLqJLaj SjJLiJl ^3 JULaJIj ,JJLJl k jk?- 4-L5 j ^JDl jLlJl 

(2.5.1) ibkcJl jV 43L-» j£] jLdl ^p ^sl J£»!j 

Ii7 LJ ^JuL IJlaj .jLiJI jjo £_j: c-— wLiij ojJLSJl ^3 jlSjjJI 01 

* 

^•*&*) jLdJ 0^5" *- ^p LL^ 

^ iJL^SOl o'yj .^^uJl jLiJLS ^j^-iLo jIjULo 

t ^ kl«w■» )i ) ^*>oj ^aAJ ^3LlA ^■*a! 4jS[ ^axLi^JI ^LjklLf 

iJLLJi ^ ^jLLo jllls ^^ ^iUJi jLjJi jjl; ou juju 
iSLkJl ^ jlS^lJI ^iL-Jl jLJI ^ bLi^l i^L^SJl 

Ja-L># j_i>o jJl?- 4-*_j! j-* j->c-«ji ^ .4-jLj^_5iii 

.^^I«J| jLl!l £« ^£*-0 jAj c JilJl -ki- ^ jt^l £jy> 

^ a j-I-Jl 4 _JLjL_J ^Ijj ■» li I J_>«_I—k>i I j_A a A * **> ^ )i jLa_^j 

^ ^J| 4 I 5 U ^1 j-Jlj .J-£i kj-k^ (Superconductors) 

^JjJj^Jl (wi-kllSl JL?j . 5 oLjjj^^JWl 4 -ojLLo ^p 

Jj! (1926-1853) (Hans Kamerlingh Onnes) £i]^oLS' ^La 
J$LJI *1 ^ il ^IijL ^15 .1911 ^Lp ^ J-w?j-Jl 4 -ajU o^Lo 
4^0jLLo ol kiJJi JLxj -k^-Wj .4.2 K ojlj->- 4 j>-j^ JujjJLi 

jj^kj Jl3^ . 4 k—I JJ 0 Jb j^J JLp ^ 

LgJl 1 4.2 K ^0 ^JLpI ol>ji JLip j-Ji 4JUI3 

oj\jO <oj$ ^jja Jil oL^-j^ JLIP -kii cJljLo 

Jlkj ^yip 4 _JL^P JLaj ifljli ^1 ^Jlj .43 yj| 

JaAlj IJb jJj <^.Ua"7 L$jS[ ^JLkJl J-5 j ^ 
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J&JI fUaJ 

i \£' .^1 gt... a') JU^L, JjL ^jio' islkJl JlJ y CdUa^*-. 

oUa^JlJ . ^4_*Pji C->Uaj>*-aj JJD Jsj_laJ>- JJLj ^UaJ Jj_j j-L? 

4ajL)^£J| 43QaJI ^jglp ^J-dlil ^3 JflldJ 4*P^dJl 

(7.2) J^LlJl 

4^Sj_<>jJ| J-Alil ^j-pr .i-jLjj-g-^-!l SiUaJl JJL> ^UajJ 

jLjJI 4765 kv 69 kv <>• C jl ^ SJL ^^ oL^fjJl 

^0 JU^bU 43 QaJ I jil . 60 Hz j-a 33^idl 

iiUaJl JjLj ^UaJ ^3 JiaP (j?lj ^UaJ ^A 4^P^QJl oUa_>t-<>Jl 

LdJLa 4 0j3 q* ^^QJl Cjzt*^ 3 &jk Ol £j^*i S-jjQj^^Jl 


f Ui5 


.UlklJ jUi Ji 2003 ^lp ^1 ^ 

JLlj LjjL^tJ i-uLiiliaJl £_jjjJj JJL3 ^JLjj 


^3 4jQjL?*-oJ| 3jLlJl j^2U jjiaJl .jjJaJl 

#» 

3,3jJL-o jLj JL!j-a ^ ,4 j>-j3 120 4j jljj Ls^Lwj Lg * * ^0 jjJaJl 

o^jU. J*JaJ (1? su i U5 0 >)l SJ5L* pL^JI £&)/ jl >^1 ^ 

^-a jjia ^3 oj^S^.-LoJl 43 jL*_oJ|^ ojJ-dJl 

<Lj^j a-L)jia->- (8.2) .jjJaJl 4 *j^\j pL 

Jij JLai. . j^laJ ^ 




4_uLj$£] 1 AiUall Jli ^Uaj :(7.2) Jiifl 
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<LoL>-l JU^-I jjJaJl pL» jJ ^_S\_Qwj 

4 -^y , 0 ^-oJl .4 _L-s^2-j2_1» 4-)^Lj ^I JL>eJL*»> L) jj-JaJl 

jjkJl a-j^j JiJl Jpjli^j ^ IfcSjlj Ujl^S w ^1 

. 4*&J&tSuo CIj! 4_JLp 4^j OlP 1 
^o ^Ijl^i^VI J>-l ^ (j 1 ^A>«J Jl^>JI aJLp oV 

. *40nJL^LmxijI Us 

• t ^* 1 f JVV 



Aj!yji *L*iU Jfcll L>i :(8.2) JiiJl 


* * * 

^ *^tj > 1 n n 1 j 3 -*- j Lj>-«^>j (9.2) ^uj 

13.8 kV ^ijjj jl$j>- JLlp jjJaJl 4 ^j^u (Jjj>x_j ol (Jj^t^Jl 

(JjLl-oJl ^ 4-j_^LLa jjJaJl 4-oL>-l 2j~qj>- 

120 V jjJaJl |JLg->- oiljP oJL>*JL<»Jl oLj'yjJl ^3 4_*Ji_^_**Jl 

oLajL>*-o JjLo j-^^l oJ-g-?-bU 240 Vj 0 j^k^a.\\ oJ-gj>-bU 
^ jj-^l lo-^ ol (j ( j^^ij 

. JA j\ 2160 Y 
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LulaS <_iS ja :(9.2) Ji&l 


jjLJi j ajL^sai yijoii 

,^y Lp^a-^a* i * ***4ll tlr^ K_ e ^ i 0| 

Jy-oJ! J| y* jLiS" *Ly_^Jl (JLs^2j| yuj ,ci*jJL>«Jl ^^2 jJI 

lLLLw« jl yJa_>- <J dJLLw« ^|J->xJLwuIj l»| oJj^tJuJl ob'bfjJl ^y 
i j^° j^r jl i^yy-^Jl Jig-jl (3 > . 7 i?jla>- 

120 V y oIj^ jJl J Ja^Jl J lLLLJI J y£JLJl yu 

J yJ-L-Jl J^t J-*? y ^jlj ,240 V LjjjjI *IjJ Jj 

y* dLLJl j J>*-Jl J ^jVl Jl yJ^Jl J dJllljl 
j+& JaL*la Ja>- 4 J Jajiaadl ji dJLLJlj . «<yy.£<Jl® lLLLJI 

.-120V Ja^j 4 + 120 V Ja^j 4,yy£o 

OjwL^lJl ^aj l^ 3 ~ > ~ ^ | ^ I I f ^ 1-P ) 

j»JLj 4^|JL*J| J| iiL^^Ljj .Jj-LoJl iia^wljj i^JLgJLwwL^Jl pLj-JJI 

SjJLaJI ia Ji>- Jl Jl Jl Jp (Circuit Breaker) 2 yb ^Jab J^a y 

^Jiij .ojJLaJl Jai>-j JyuJl y*j 0 LoI y>-L>- j_yyJ 

#• 

j^-s^-oJl ^yL>*j^ JjjJI I ^ ayljJl ^iali ^ Mjb (Fuse) 
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As^-jju 4 jjP */2 6 ilj { J^ U? ^Jl JiLa 4 U) JL*jQ <JLv»J ^^lp 

4j>*U ^aK j£*tj <£aaU| Ojl CLaJCAJjI liU .<A^Ld>cl>0 jl^/3ll Ojl J>- 

j* .iulj^^Jl o^jIjJI 4I+0j}\ j 4 yallAA* 4 ^yjjUuJl ^a>*a-*l!| 

4JW 4_>rjpJLUL-J 4 aa-U?Ljc«joJ^j>-I £^P ojLp iuJbJl 0 jj|jJl 

4_>tjj^lJl iwAlJu 4 ^)UJLj o^j jMttJl ojl y>- d* *,i.j jl lili UJLa-«J| 

„ > 

0j^j jjJUUI ^jJJjcqJL! ^jl j->iJ| ^jujlSI ^JLqUJ Lo3j 4pJt*Ul aPIUI 

.OjjljJl 4 jCJLJ| UiJ j*L$\ •\aOiJ 4 p JL*Ul ijLiSl UiJj-ktJl 

oJLi p^LoUu Ua>cj pLo^yaja 0 ^j|jJl ^lalSj ojJLflJl Jai- pj 

Pi (j^> pU-jJl *30 ^ J^4 ^ <5^1 4 0jj|jJl ^ jUJl 

^jj>-Sh oj*jj>-Sflj • 15 A lUla^T iJpUl oj-j-*-Sfl la»* 

pi 4 120 V ^ j--->c_il ( j*O-0 L>c_-0 J U-JJJ jUa-«J| JjPo 

JKj .240 V ^JLp J-«jP ^j-j'^LJI oLii>t-oj <pL^_£Jl oUlllaJl 
.JU?-Sfl UK>U j| oyta L$jJl! JjUl ^ SjSb 

c5jlj-^-ll (Jj l * ■ » l l OjjljJl ^pdj 

*Lai?Jj ^JJUJ ^jljlil JLp J-aa/? jl]| ^Ijj .4jL*S3| ojJLflJl Jaj-ki*- 

£° tJJ 5 Cr° jLfr^ $ 

0^SljJl ^laiU* 4^1IjlJl Jp- jl]| UjadU lij « c5j^~^l 

^klji jPu 4 -aa-l-JI |JL$Jj .<J'Lj^S 3| o^$j>-Sfl JL?-I Ijtikl UK 

0 ^j|jJl ^klij k ojJLiJl -kjk^-j JjiUl 0 jSK ^1 jJl Jp- 0 ^SIpJI 

^ 0 jUjJI JajJai- j-p JjjUI ^ UjLj^USI 0j^j>-Sfl J-s^ai-l ^ ^ * ^ >0 
.jLjJI jl JLj->«Jl ^ »^>-LUJl jIjUI JjLo 4 JLjIj (J^>- UjJP>- JL» 
.aUai-oJI 0^SljJl Ua 5 *? Lojpp (Open Circuit) <j >-jjUo 0^pl^ 
i^ojLS-o ji ji a» 1-Ulj Ujllp (Short Circuit) j */* f 0 j 4^*J 

0 LdJ 

-*i a 1 l^| ojU^ pj_^-7 pi ( j_^ »ji f.L^KJl 


93 



01 <LjIjj^-£JI oLoJUaJlj <i^o*>Lo f-LuI J 

*taSh J ^jL>tj 01 4 <JLj Li 0 j£j jl5 U j^>- 

jJl!| JUJLajj .^JUlSI jLo 4 j^>J| ^LvapbU ^^lujjl 

100 mA ^ya JLpS!I jLiili >L yL)j^S3l jLi3l jIjULoj 3jl« JU- 
.01 jj ^-^>Jl J tSj** lij 0j^£ 0t 


,jJL>«_j ojJLflJl JajJaj-j 4 _*jLj oj^jjbfl £-* JoLaJlSI ^-^>«-j 

S^jj^q 120 V <jJL»cl!I ^-jLLoJ cJIJ?S fl 


jj .4_J^j-£<Jl dULJL Jb>0 J ijjj ^yV^jSfL ^jA*/2~A 

Ul^Jl J 0L°Vl Jb^JL! ^-LvajSfl 

>Lk* Jl ^^J/l ^^LJI Jbj .«JI>Vl i-WlS iWL-ti 

oJI jJI j*.>/a37 J lij jLJJ 4 ^i>^bo i-ojLLo IS IjL-^o ji jjj jL$->*Jl 


kilL-JL 


aSUaJD £)jJl jUJ l 6.2 

Jfljio .iJLjOl 43Hail olk>~° 4 -JUjJI oIjLip^I ^Jb*7 

Jl Lj Jj Jaj ^j-^ai ojji Ljj ^jJJl iJL^SOl iSUaJl ollijhjo 

4 L$jLj^JL>cjb 4-uLj^SOl 43Ua]| <la>wQ . 1000 MW 

4_p j-l-JI 4 JLlJl JLp •4-*Ll a -!l j j */2 a. )j 4 4-JlJI cJjLp^aJLj 
oLp^ o l-jJLoj 01 ^-Ijj ^J SjJmJI 

^Jlj 4 4 *jLJ 3| iiUaJl 4Ja>*-o 1 ^ 1 *.17 ^Jl «Jlj .4 aj j./ali <j J 

f'-^-i c> jit J o Jo 01 O^Hl 4 4_la_>iL-<jJl pJL? Js>j-a .*>7 

3 J Jl (j j_>hj lJ z1\ 4jJLJLaiJ| 4-JLlaJl oUa_>t-o . 4 J j * .t> ^ j| ^JjSfl 

J ^ J^d < 3 * Jl l jUJl jl ^^«Jl j^iJl Jo ^jJ^-Sfl 

JLqJLaj Jl iSLlaJl oLla>«^j .4-j|jj«j^!| SjJLill ^0 1000 MW ^jJL?- 
ojJLiJl ^ 1000 MW ^jJb>- J U^jI 4jj Jl 0^-pLi«Jl J-^ 
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iuLAillaJl <jU idUi {jA J-Pj . UjL 

J ^vs>L>Jl cJi^il ^ iSLiaJt ^1 p JUIaj ^1 

APj^Qj>c^e ^*^0 Ay L^£]| ojJJlSlj .AyLojJLdJl £jja 10 MW ^jJL>- 

1 ojLiij 01 jJl iSLt olk>uo jJ| oLiyj J 

^L^sp^M J jl^i—Vl iJ^jl lijj .oljlAyJl {j* oli* Jl MW 
oikhuo £_S jl j 01 liiSUj a^SjJl iil-l* ji <JJjjl iSLkJl 

L'ijI lijj sjJLlSl ^ 1000 MW i^jUj L« -JlJjJ iili> 

All A3 Hail ^ip JUJLxj AyL ^531 A3U2JI oik>u9 <J j_>nl!l 
1000 t j^o JJI 4_la_>«^o a^LLJWI SjJLtfJl jli c^LjjJl aJU? jl 
aJL^SJI yLiaJl J*j Wp iMW 

,AyL^£]| a 5Hail jyj aJLJs^JI j aJUJI oL^Li^^I j-ijiJ <k>^o 


iJ^Juol U^O ^y L5 Ll-J| JajCi^Jl JUl jyi jjjpLuJl aj J* 

. 1^1 ~ li ^unj I ^lJ } yJ j I A^J>- LLi I o^jJLrfJj A -^>—31 i^| A _3 Li? Oj 1 >> j 

1978 pip ^y LjjU cj^aI oJL>ti«Jl cjLWjJH a-JIjJLjiII aa 
a^l>- jp<kj *~*i (PURPA) a^oLaJI oLcJi^JLS A-oJaLoJl cjL^L^J l <j jjU 

SjJLflJl 80 MW J-saj Lo jlJjJ a^oJL>cJI j_a_p oLS” j *!> 1 j 
. Ay Lj^ <JI ojJlSJI oJ la *\J* A-y>JLiJl oLS*jMklJl ^jJLjj Ay L> j ^ £Ji 
*j-*p ojl Jl J fjH\ JjSfl OjJliJl oL? PURPA OjJLij 

cJail?-l ^JLSl AyL^SOl A3Lla]| JlJ y iwixiitl! dJJij 

AilkJl JlJ y ^Lki J U-JLuJl piJlij o^LpJj AysJL> cJ| Cj[S_ jS\ Aj 

.oJb^uil oWjJl AjL^SsJI 


LU-p- AdllaJl jJjj jJb A-Sllalj JL-!j-Jl 0J 

oUJI aJLLo^I ^ ^Lu ^Ul (^JLj L 4 JI 

ApL-J| j <* A A t ip—L>t-oJl jL *t>T AP j j-«Jl 

AJliaJl jJ jj aJLJLoSII oJUb yS .ojL-k-Jlj iAjjliaJLj J-a^aj l J\ 
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jlJjJlSI L^jLoI ya L$-> 4-^L>«Jl 

iJHySHl iiUflJl jlJ y iSHail jlJ yd J-lISj Jjl £jj-flJl 

^|JL>*I—Vl Jli cJlj Lqj ^jMklxjl UyJl ^y Oyt ^yil Jjaiil 
43Ha]I JLJ jj oiia>bO ^JLp JLoJLaj \£'J*y ^»Haj ^yb j^L>H| d3jil y 

i-jL^SJl <3LkJl yy JjLJl <5Lyj .^-1 jJl Jiiil iJLSLo^j ^^*SHl 

.iJHJl 

y 4^^ > v^JjJL>- yip JLqJL*j 43LlaJl ^Hal^o <jl ^y_*_Jl JLfllxj 
43Hail oikx >0 y JHiil (jU t 0 Ha jjalil 4 ^j>-j y j ,£jj*J| jlJ yJl 
^a-s^SH iJ^Hlfllil yji ^**S^ ^Halil ^y ^^.*SH| 

(Borbely and jJbl ^j ^Ljj j_> <_»yJ ,iyLy$_£Jl iJllail jlJ yH 
JjSfl idHySHl 43 Hail jJy oLiJ5j» lyL £j^J| jJyil Kneider) 

v j' ^ j <j^+i <^1 j <y mw <y 

Uubj .(Borbely and Kreider, 2001) kL^jU*J yJl JL^Vl y> 
oli 4-oLy_£Jl 43 Hail jlJ yi ^ oLyaiil V twijy-iil 

^JLp- . I ^ 13Ll? j J */2 a ^31 j^o ^JLp oJLoJLa-aJI 4-JHuJI ^31^-*H| 
oLi5j y yL»j V ^Lyi i5H?j ijLcjy_£Jl 43 Hail oljHy t<Jli«Jl 
iiHaJl olJli y> jSf jJLjIj^j ^^JLujy y_H liij £jj-*J| JlJjJlSI 
t^ljjilj 4-fl3 JLl-<jJl oLJl y j-j yL-P JLoJLxj -tAj jj I iSHaj 4-J>Lej y_SHl 
^-Hjil iSHaj iJ'Lcjy^Jl 43 Hail oIjH jjo jU t yLiiLj .yiyil JLp 
CU^J LJLp I j-oJl oHaj t L 4 I 3 H? yU^o yo c_j yJH **/> j 

lJI hli^—oHl oJUb 4 -i-jLjj ^ a a am , 43HaJLi *- 11 ^ ■* A i yj> 4_^J^3 

.id^V J^y JxvailiH ijSHySHl 

ijjoli^- olSJLj 

4_a_jL 43 Hail yj jlH j-i cjHj_^-«H 4a I j5^L^Jl _ 1 
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4 cjl* A )l j« At* l . 4 V < * kAjkXxJl t y3 A^~ j 

(Cassedy andj 4 (Scrway and Faughn, 1985) j_ la _ il 

.(Young and Freedman, 2000 )j <. Grossman, 1998) 

^-Lp J ^ i J <■ ^ ^ A-aJLj I 4 i l la I I _ 2 

4 (Burke, 1985)j *(Challoner, 1993) ^ S^i^uJl oL«jJL»uJi 
t[2 J_va_aJl t (Brennan [et al.], 1996)j 4 (Aubrccht, 1995)j 
.[10 Jv^ill 4 (Bernal, 1997) 

(_jIJ-JLa ji LjjJLJ £y-i LCR iJSl jJl JJL>«j _ 3 
.[36j 35 O^aill i(Halliday and Reanick, 1981) i£L —jjj 

4~0-uilill SijljJl J«J| 4-o^-S\Jl ojjJLil y"..It jj — 4 

(Shepherd and j t (Wiser, 2000) jj— jI j ^-»j (1) p-»j 

.(Brennan [et al.], 1996)j 4 Shepherd, 1998) 

.... la [ . ■ ^ 11 JL>cAil Oi y ■ -■ I 'j * ■ ■ J*V»^J 4dljLj j Lj — 5 

(Van Sdver and J-^jJlII J-jLUI ^J?1: J> «. 11 ^JUJI 

. Marken, 2002) 

(Shepherd and Shepherd,j t (Schcinbcin and Dagle, 2001) _ 6 

ojUl JW Jill OLiiL t 1998) 

_Jaj| 4 JjLuJLJ ^SljjJl oLijLuJl l yj> JjJaJL! _ 7 

(Young and Freedman, 4(Serway and Faughn, 1985) 

. 2000 ) 

(Borbely and ^lail 4£jj^Jl jlJ^iJI oLiiLdl -Ij>«-11 - 8 

.Kreider, 2001) 
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^ v, 4_jjJa_3 l a 4_Pj i 0 j 13 j_>*_1j (1 1,2 

ISJ . B CLuLj *-* - 1°1* *^ o Jb *- - —< 1 JTl a jja3 i flya< 

4ip j-l>i dJLSj 5 JL>«-«Jl y c )jjjjj 

jL-^Jl jjai i jjb UJ (V r ijjiai iwjL^alil 4-Pj^-Jl 


?Oj^J>I Oljj^ oL>*j| (j-aj ^ Ojjj^I jjJj Ja (^ 

^ iSj->«J4 pi jl—Uj-S^- J-* 

jJb 4 -l^-^LJuoj Aj>- j*3 <JL>**J| jIjULo ol { j ^(1 2.2 

JU~JI jUi» .300 V/m 

^joj oJL?-j 4j>-L-uo oJL?-j iiliaJl jlJLLo I.* 

4_>iJLo jlJLLo L jJ-I ^^Ij*-*-} C j4j>-j-«JJ 


•£ri?. 

.(2.3.7) iU*Jl y (2.3.8) iU*Jl gss-l 3.2 

gb^i- .(2.3.8) ^LlUJ (2.3.9) it ^ 4.2 

. (2.3.11)j (2.3.10) pUi^U 

.(2.3.8) ihLUJ y y (2.3.13) ibLJl <j! y 5.2 
Lo .240 V j-A LJLlajjj JjjuJ jl$_>«J| ^ lji y^ 0 6.2 

ojJli la j-*-k£ jLlJl ^ ** 

SjJLdll J*L~ ot yy ?1500 w 

.pjl 40 4i*jUL> 120 V ^ L^S' ojji (1 7.2 

<y j^ill j\j^o Lo 

IajJuj jjdl ejjLsJl jlJuLo Lo (t_J 
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JLg_>- JLp 10 A. ojJLd IjLu jLj Jl501 (1 8.2 

cMf 5000 V ^^1 J^>Jl .500 V .jjtf 
JL*jLZ j£5 pjl 0.03 4i*jULo ^JJLj Ja>- <J^-^ 1000 km 5iL-uo 
\ar>- aL.J j i S^jjLLoJl ojJldJL! Ajj1<J| Aa^jJI Lo 4 j-o 

JLgj>- JLlP 10 A ojJli I jLj 33 JL o jLj jJ jjb jl jZ®l (v—J 

1000 km iiL-^o ^g-SJl JLg^Jl JiJ .500 V ojJli 

Lo .^i>ojJLS' ^jl 0.03 ai^ojLLo JJLj i?- J^L?- 

4_k^-l jj 03ojJLdJJ 4 j jJLoJl Ao^lli 

•(<—>)_» (t) 

jl!jjo (_gj./a2ll ij^jliJl olsIjJI ij2l\ Lo (1 9.2 

0.1 m 2 ai_?-L-^o j oLaJ 10 4 jLLq oLaJ 3 JLp L j 33 jJLa jLJ 

^a^aLLJoq JL>«jo jjJb CwdJUJl jl jiil 5 ai»jLLoj 

.60 Hz 0.5 T 

¥ L fji\ ^IsJI jLJl jIjLLo Lo ( v 

200 iojlLo ; aJUI Lgj jl! Z/C# S^Sb (1 1D.2 

60 33 yj JJLjo 150 -«j oljUjjX-uo 15 <wil^oj 

aJLpL^jJI .cJj-i 80 a-aJLj ^ f a_*J|3 o jJ j t jJj-a_a 

«a1pLLqJ|_j 4 A*i>cJl aJLpLLoJI^ t 4 j jJCk-Jl 

. A3 jLcoJl t_(c_J 

. 0 jjU | AjjI jj SjJiJl J*Luo 
>iJ (10.2) ^j_J ^JLljj ( j ^,Jl A/a V 11.2 

.aJLAa3|jJ| a jjjJl j jLi]I ^_)jjo Ja—jLo 

^3 LCR ^Jljjdl o jjIjJ ojJLdJl Ja^n j_I>o i-* .** >-l (i_J 

.(10.2) 
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LCR jjJl SjJIjl! ** jJlSI i^.>>-1 

.(10.2) 

ojji jlJ ISJ oLljji53Vl ^JLp ^ 12.2 

?dU~^ iJL* 30 SjJ 100 mA 

LjJU^o oJLd j {j ^ 4 j>-j-oJ 4_>«JLq jIjlLo Lo 13.2 

jdiij i^^oJl ol j^\ ?450 V/m 

.iwi-Lo J j_>- jjJLj ^^4 )p[1jljb 4_la-^i| j_j jJ jLjl!| l.« *■* >■! 14.2 
50 LjIxj jU>o o jSIju iiJ 100 

c5j0 WjSj JJ^U .0.01 m 2 L$i?-L^o iil JSj .*jt 

.0.75 T ^jLj a}[^jo SJLij 10 sec 1 

jLS' lij ^Lj^^S' J ^ jUjVI o jjIjlU SjJii!l jIjULo Lo (I 15.2 
.400 Vj 12 A Ujb ij|js,^| a ^jIjJI jLj 

idlJUj'bfl ojjljJl jJ Jj_>c-«J| ol jlil 

jLllI jljJLo Lo .6000 V J-* 4j jjlill o j\jS\ ^ JL$j>J| jl d~>*J 

¥Jif>JL! i^UJl 
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2LjjtjjfcJl cA£^jd*a Jl 


<ji jjL^'yi i l_>cjjLj 4 ijji j_>hJi iJLlaJi ^ i a Ltd 

j^/ai p ^jj>- j 4 _>h^1j ^jJL>hj ol JULlpI (1804-1733) 

>ai]| 4 1967 4 (Wolff) ^jj] *>J| > (Phlogiston) Vj jb^| 

01^1 >11 iJLojJl JL* JvaUJl pJlxJlj .[2 

j : p 4-JLj j_a^UI <_»Jp (1794-1734) (Antoine Lavoisier) 


oL cjjjC ^j_J|j .[3 ^ */* a il 4 1967 ^-a_>«-i^S|| 

^JL>cJLu-l .p-ljjl LJLj^P p-LIjI J dll { 

pi Li (Caloric) (JLu^il L/liI 

idj^o ^p S^Lo ^j| j>* J| JlLJlj .ju^iilj *«jlU <pL^o_>-| jllp 
p^>ji o^j 4-uji>y jUj .ojj-ii io^Jtp ji fliSju jjls i-LLs j 

olp|JJl ^£jl^pJl Jllk-Jl LoJllP ^JUj pj ^JLSl 

Lojip JL*£jI tdUi JLpj .p—*>Jl oUul^- 

J (^jlJLL-Jl pj ^ d *j .^jlj_>iJl JL1*-J| JLii 4_)Sf oJbj-jj pd 

.ojlj->Jl pJjul^-I iLjjJl 


(1814-1753) (Benjamin 
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(Count IjjLL otULLj *jyu >jj ^JJl Thompson) 

* * * 

oLo c* *1 Sjlj->Jl ol ^JLp Rumford of Bavaria) 

3JP ijj^l 4 J^£> ^ll3l Oy]| <JjJL>*jj .ii? jAj>*jq 

^IJL-JIa] <U43 LlaJl olj iiLlaJl JLt^I ojl<j| JjiIa-jq 

.[20 J ^ i il c 1981 ; (Halliday and Resnick) 

jjLo oLJLqJSH Lq*a iiliaJl lai>- ^j^ jLqJ ^JjIjSfl 

jjlJj ^ ^ 1 a a Oj-i (Julius Mayer) (1878-1814) 

Jj_>- ^ * ,j^j 4 (Hermann Ludwig Von Helmholtz) (1894-1821) 
(Colding) £-IjlJj_Sj 4lj : 1 ^ (James Joule) (1889-1818) 

[8 J^aiJl <. 1965] ^LSjj .iijLJjJl ^ (1888-1815) 

.LiLkil lai?- i)L—<J 4JL^?LiJl yJ j^La <3 jj ^ 4j^JL>J| 

OljJLSl ^J ^ a A £-A iiLlaJl J QJL>-J OjljJ>cJ| ^jP ^_a_aLLjJ| 4Pj-<^J>c^0J 
41967 ^ jj] (1844-1776) (John Dalton) oj^l:> 0 yr 

Jajjjj .oljiJJ ii>Jl 4 j^ lalll c_jUa*Jl 4 jL$j C-ol [4 ^/2a\\ 

Uijj ^y OljJLSl 45j->iJ ojl *>-J* 4*5^>J| 4j^iad| 

JLj^j A 11 0^ ^JLoJLj 4^aJ>t a«* J ^-aJ ^ ***^ l jU 4 4 a5 j>iJ I 4j j la a 11 

jSf J oJbjU 4 < JLJLj .4j|ji iS’4311? ^0 

Lj jXi >Jl oIjJlSI 4? y>- 43LI? -Ljj-bbSl 

LbL? jl 4 ^jJ>-Sfl J-s^l LbL? ^jlj->cJl JLL-Jlj i^j j_a^LSI 

j-^p ^jLJl ^y ^-lj j_>iJ Jp U^j cLL^sil ^Liipl 

4a 5y>Jl 4 j jlai!L LLfiil <y WjJLiI jL>-ij-<bJl uIJia . ^ o-Wlj 

. 2 j^tp ^ilill 0 j&\ 

iSLkil JiJUj yJl i^ljjJl ^ 4 jjI y >Jl LSL^oLljJlSI OJ 

ISLoLuJLSI Ij3 43jjoo 43UaJJ 4-JL«jdl oLa-«JalJ| cJLkllj .4 jjI j >*Jl 

4a1aj La yjJ V-USfl a^lALL«J| jjCu IjLl^n . 3 4jjI j>*}\ 
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( j-Jlj-SJ jJl iJub ^jSLuoLjjlSI ^UajJLj 

Ua ,^jlj^*Jl ^jSLoLjjJI aaJuLoj 4jjI j^*Jl ISLoLjjlSI 

4 ojl y>T^>\ JLfcJl JjJ?j C <jjI y>*}\ ^j_P ^ */3 a 1| 

XJj >Jl o^LJlj 

j}\j ij\ 2U-j^ 1.3 

pJLdJj 4^ j>- 43li? jJLoJ ^jLJLq o j| j>t^\ 4j>-j^ 0^ 

. 0 L 4 JI oLj jl oLS"jJ 3 t ^p 4-*-0^ oLo jJLajq i^lS* jZlI LJ 
i***L*S[l p— aLLJI ^jo oLil La tLjtjo SjIj^«JI 

.SjLI^I a^ Laj ISLobjjJl 

ft4i^jj 

L-LJLq La £jL 1 ojl^>J| ^j-^-jULq ^ 

XcSI jl) (Celsius) ^j . ... L. IIj (Fahrenheit) c^jLjJj-f-iJl 

: jA J**-iLiJl JjJLa 43^UJ|j 

r c =|(r F -32) (3.1.D 

o-jjJlj (°C) ijjJLoJl <j>-jjJL Sjlj^«Jl 7pj 7 c 

■Jljdl > (°F) 

^JO JLjJLaJI A a 1 L * ll Sjlj^>«Jl I ^JLj 

.JJbdl olyLiJl ^ iSLJl o^fiLw JJLo toL**kJl 

(Kelvin) iS^Jb SaLp iSila^Jl Sjl^>Jl 

jjsJLSLSL iiJJa-oJl Sjl y >Jl ^LJjoj . (Rankine) ^*£jIjJI jl 

! <JLS| 43^jJL ( j-**j*LLJ| ^j^LJLu Ja*jjjj 

r K =r c +273 (3.1.2) 
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K K y jjL LjJ y j±j Sjl^>«J| 7 k 

i>-jjJ ^^L^Sfl ^LJLJl jjb .[fl°fl i>-jjJl SjLtJ Oji y 

^ii^Sl ^LJLq ji ^allj tSI olJL>-jJl ^Uaj y Sjl^>Jl 
iiJLk-oJl oj\y>J\ 5 j>-j* y' L y ji J • (Absolute Zero) jJLk*Jl yu &JI 

! 4 JI 2 H 43^jJL CIajL^j yai\ ^j^LJLqj JaaJ jA jJLj 

r R =r F + 460 (3.1.3) 

UojI] r LjJ yyj Tr 

y .[&°A i>-jjJl SjLiJ Oji ^ ^ 

.4**jnX*jJl O^L-Jalll JbJbJl 

^Ul 

jIjlLqJIj .SiLoJl ^ SiLoJl oL> j_£jq oj, 

^**A*)l 9 ^aS^aJ twS^AJ p^wJ^cJl *—*11 

ji Ojj-Sl C^" 

L$ip j**ai5I y$J^\ .^5^-531 ^I^Jl ^yJi 

tLJLp jpLajj .*Ua_?-S[l ^aLLl) 

y\ jj>Jl j . (Mole Fraction) JJI) I 

olJL>-jJl ^Uaj ( y SiLoJl 4 a*Jx 1 AjujiLjiSfl SJb^jJl jJb (Mole) (<Jj-«^l) 
& jj^U-jil xu> Jp <Sjz>* i _r° y ^y -SI 

12 4jjS aIi^j (jA JJJ» JtP-lj tjllfljl ^^JLp ,oliJ»*Jl 

J.-<t ^L* ^ J^. jl?-IJJ (0.012 kg (12g) LajIjlL. ili* J 
J^*il .0.044 kg (44 g) UjIjlL. a±£ J 44 *jji UiSL 
IJLjJ m oVj-<Jl jju> jj» (jjlc- la. 1 j- ^ / Oj^aJL! y,- ^.-dl 
^ t jUJl J o’tfj-U aJbJl jUJl J d’jZL JI 

=ai 


104 


(3.1.4) 



M 


OjjJl JaJLitll oLjj^LoJl AJLP N c 

: jA JaJLiJj M a <J ykUall 

(3.1.5) 

M 


y B J oj£JJ ^3^' M i 

* 

Lq^j *—n a ^jLaJl la* 1 >JLS ^jpAUaJl O^j-ll yk ^jLaJl 

: 01 iS^ ‘ *'>frU tJ'jjN 


y s 


A/ t (» a M,(» 
M(*l>) ~ 29 


(3.1.6) 


4jL£ tS^LjJJ 4 *SIjj*jL!I o^fUJl bjoLoJjbl y» jJl JLp 

y> fjA *?J £-$lj^JJ c r **S'yJl Jj-iaj ol j^b>Jl 

* * 

.JjyJl ;iSLiaJJ jljL- jJL^S' UU Ijja ^Slj^Jl 

oLljJj>Jl <^1 t Qj-ijj'jjJ * ^ ll oLljJj^ £jA la * 1>- jjb JjjXJlj 

Cj\jJy>J\ jt oljJLSl ll {y* L-L-t o j_£lj 

jLIj J5j .^UJI ^sUJI J5LU i yi\ 

^yiiSl ^UJlj . JsL-5 jt jli£ LoJ Jb^^j ot 

^jL«JI la * 1 Vj .OLS-^Jl jt *L*JI t oLijj^Jl yj> jl?-Ij £jJ 

f-LoJl ^jJL>«ji t^LSjo . oLljjjyJl t *^jo J_J I oJLp ^jJLp 
.ijlJbo oljlp JLp Jij ijlJjo iJL/? alj^o ^jJLp S^Lp jj^tvaJl 

eljI>boJl 4*£jjp>tSl oLjj^jjJI 4_1jJL>*j ^jLqJI y ^JL>«j o\ 

.4~«J| La^joULqj £SUI ^ 

4-1 j «ll jj_la 4 * * 1L) ^jLiJl jjJaJl i Oj-^-eJl jIJL-Sjo 
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^ fjA\ tiJIjj'yi K wJL 4ip jgjusll ^SUj 

(3.1.7) 



j^laJ <^—531 J^JI x*j jjiaiS <£j~£}\ J^JI y t i±~*- 

0j-^)3J flf oWj-oJl ^JLP j-A 4J^**-Jl jjlal .4Jj-«-Jl 

:ol ijsUI ^ o'y^UJ JK]| iJbJl Li^-JLi JjUI J 



OhJjiJi^cJ ^-*J K 4-Q^aJiJJ ^ j |» *■*!» l l ^JUJl 

OLi jjifi ^ JjiI^JL *jj>-jj» i <3L£ lij 

*0 iSjl—J Kjj 0 c 5 jL-o y t ^jUJl jj-la-U tSj^53!l Jj^Jl 
j>Jl ^4 J^oLSLSU i OLT bj i^LJi ^ 

t—j^A-dj K-j$ 0 ^jL-j jCj 4-ijj * *— 1' ^jj_laJ ob i ^jLwJl 

0t i 0j-^*JLJ i-Jljj'b/1 K 4-o-j-SJl OLi tlJLj-jj .<jLj_J*>Ul ^jo 

U\fi\ K 4-o-j-iSl uL> j .<jLjj 'V Lo 0 ^jA ojliij 

.^sui ^ ij^y? 


JU J>& iiL.UijJI o^UJIJ 2.3 

Ji'j .<Lolij ^JJl &j£S\ \jA *y>- j_a K^UaiSl* 0J 
^jA LaSoj laa^ till ( j£J&\ i Jills' . Ja— jJl® ^Ual!| 

i*L*J|j f Uil* gJWl ^LxJ ot Lil£*j ill <j gllll 

^ «jjj ya H i t *^f 3 a^l>c^o 3| Ja^^J| 0^ (JliLoJl |JLA .3a^j>cjo 

L ...jJl £_* J-pUjli V (Isolated System) Jjj_*-«Jl ^LlLJlj 
43 U 2 JI JjLij ol (Qosed System) jLdJI ^UaJl j .aj 
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j 4 y>-\ .o^LJl JaLlj N 4lS0 j t 4 j Ja*>«-«J| -k^*jJl £* 

^ ^^SHj 4 4 j Ja-L>c-«Jl Ja-mjJlj ^Halil yu ^jiJLlj jl 431 laII 

^^lpj .<J Ja-p^-oJl h*Ljij}\j ^Ualll yo o^lo <j?l (J-Lllj 

Jl ^ Hall I tj-+j LfliJUu i)\ o^LJlJ iiLlaJl jli ikilii yo 

.4j -k^.jJlj (Open System) 


4jJ j->iJi 4^S0 ^qL1j Jill ol^-J lLoJI <P j^>wjo ^ ^LlalJl <j| 

Jai-s^il i!L>JL! ol j-a->cuJ| yoj Halil ^a*/ 2 7 yJl 

Jj-p^j y* (Process) iJUjOlj . T Sjly>Jl i^yj t K ^->t>«Jlj iP 
[ * L a 1 to^Lp| HJLJLo Jb . ^y-l iiU ^yij ^ Llalll oJLp-Ij iiU- yo 
olsy^ c^liil uliji ^ .*H ^ J y° 

Jij iS' j>- 43H? ^liS <Hv? iiL>- ^y olJb yil *HJ| 

iiLoLbjHl iJUxil OH t£ liJl o^SOJ flkJl li3> lij .ilsLJl tfUJl 
oU ^JsLJl p-LoJI O^J ^HaiJl Iji^p IS^j .^hJl oljji y* 4 jjI^>JI 

jU cyiiUHl Ills' Jj . *UJI S^jjj y* 4 jjI jj>cJl 4^SL>olij jJ| 4JL«jJI 

yj U 3 JL 0 (jl 43 Hail J oUl yo ^tS O^f ^j!a>o ^UaJ jA ^HalJl 

.4j la*>^oJl la**^-Il_9 ^jliuJl pHalll 


<iiL>~ y> pHalil jiiS ISJ (Reversible) i-^^Slp iJU^Jl ^laj 
o^/H>- yo 0 jjaJL^jo iL-JL* jjjh<jJL) 4 JL 4 HI 4iilj>- ^Jl Aj\j*y\ 

^JHI jli-Jl ^Halil iiu y* (Equilibrium) olyWl iiLp-j .Oljj^l 
.yojJl ^0 ^JiIj i!L>iJl olj-JOo JL*j pj LoJlP 4 -JLp (Jj*/a>Hl 
4 JHjH| yo y ^1 LajH^o LjJL*j>- pHalll <iUj 

4JUL>o«Jl o'yL pHI cJLS ISJj .iJlJoWl LfiiH^ i— 

(Irreversible) i^j-Sip^ oj-5J iJU^Jl OH Olyl o^fL^ o *^*1 
t> SUj LJI4JI iiUJl yo r Hilii i^SlJOVl iiUJl Jl 0*yj |j 
oLJUjJI .iJLuHl jL-uo ^j-^p yo Ljj|JL?-J 
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.i^jSOJl iJUxil 


g-lj^L * tf *^a I L5^I {J* 0 4ji-L^ l«*» *— 9 LIjI 

* 

4jjL-jj Jj^L^JI ojl y>- 4 Pfj* CjLS' li| L*j£p ^L^ilil jpJIaj .^ij^P 

t)S[ jj^L>*Jl 0L$J iJUJl ^ jLaJI ojljJ>- 4j>-jjJ 

0j_£-J j^UJl Lj j^>-\ JLiii (^JL>cjo ^->*_>- 4 J 0j_^-*-L>i ^jJLJL?-- Jj>-L>- 

jj>-L>cJl JLojbJ i^Luh^cj 4 JUJI 4apujJLj I j*ju& 

* * 

4_1L>- LSJLjo jLiJl lij . LjjJLj 4— j^P 4 -JLuu 
O t jsj-UJl «-I*j 4*I>JI o* p““* J* lj* Oli tOljjl 
Jp*3 4 -JLp OL^ Sjlj^Jl <J>-J$J la * */2 ll (U 4 J Oj-^J 

t—ii/a) <JL>«Jl <jji «-» ^ 4-Li£JI .j^L>«Jl 

.01 jj*s >1 iaissai J iU^yj ^sOj 4 ^jl^/i p^Jij iiis^i 


iJLoLiJl i^UJlj .iJLoLiJl ^L^JI 0 ^ p^Jlj 41 sS 3 l 

4 -jj^S' ^jJLp j »:»7 ^LlajJl (Extensive Property) 

^jIp itaSfI {j* Jai^iSlj tojlj>Jl tiili£5l .SabJl 

^ UiiJl lj* (Intensive Property) ojS ^Jl i^UJlj .S^£^Jl 

.oLoJl 4 a«S' ( jlp i-L*Iaj ^ ^jlll 


2UUJI oVjU* 

.oljp^J^LoJl 4_!L>- ^ j-*j 4_£*}LaJ| JbJL>bJ 4 JUJI 4_taL*jo ^JL>«JLl-J 

^ ^LSjq jL*J 2j t Pj tP -lajjj ^jlLlLoJl jLiJl 0j-lLS 

: SJldl iJUJl iS^P 

PV = nRT (3.2.1) 

jLiJl jpJLjuj .jLxJLS oVj^«Jl ijp /lj ^LjJI jLiJl CUjLj R 

.iipLiijo jJo oU-1i jUJl 0L^ lij ^LJLijofi 
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J-LlJ 4JI1JI ijuftui jli] yisJl Uy 

! jljJl 4^Livaj| 

z=— ( 3 . 2 . 2 ) 

RT 

jLiJl <JL>- . (/i = 1 mole) jLiJl jl?-Ij JJJUij 

[i*r ^ ** lijj ,Z = 1 jLaJI J^qL*jq jL® t^jJLS-oJl 

Oj-lLi Jjjlip 1 oL^l^Jl ^j-*j 0 ! o*>UUiJLJ 

; JUI jLjJl 0 jjIS j* o^jJLaiII oJla jl?4j .JliuJl jl!Jl 

PV = ZnRT (3.2.3) 

jLaJLS ^t^iL-s^aJl JL?-IjJ| ^jLwU V Z jLaJl 4-Jgj * */3 >1 J^oLw^o 

yo ip<_£ y>-] <JL>- oMiLxjo yjj£j f j^uj 

Jlji 0 j £j ot iLLsJl o^LqLjcqJI 

(J. D. Van Der JLija OLi .*»-■> * *>jjJlj Sjl j^hJI i_^ja ^ (iJta 
SjJUJ aJL>t*Jl j*-jLJ 1867 ^Lp ^ A JjoL>c«Jl Waals) 

.£jU y JL^-lj <JjjJ 5JU*J| o'^Laa (j^*-l (1-3) <JjJl>«J| jjlfi 
(1.3) JjJL»Jl y (Virial Expansion) iSLLJl jjbu ii o^LoLm 
iiUaJl (JjJk B(T) '. toUaJl (J J_*jB O^LoLju ^ ^ * 
Ol-«j-i] IJL^Jkj itiJLiJl iiLlaJl (Jj-x-a JjjLjljj jjk C(T)j 

iSUJl o'b/jLjuj .[135 y> *1992 t (Baumann) 
(Soave-Redlich- - ^yl j-^j t(Redlich-Kwong) 

_ JL :. a . jjj »(Peng-Robinson) Qj ...: >jj _ «Kwong) 

LjjSl »4 ...)<<j» (1.3) JjJtjjJl y (Zudkevitch-Joffe) yy 

y (JjSfl JL>J|j . Z a.Li j JjLitoJ 4 a*aa£j aJaLaa ^la 
iJUJl oV^liu yo ^y (Jliji i)LdJ iJL>tj| 
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iJUJl jLqJLaj A J^qLajqj 

<S^Lajo ^jjo jiS^l oLjLj 4^jUftjo LJLp JUUl .^3 jj>- _ 

(JjLIaij ol ^jJL-P LjJjJLi ^j3 iwdJjL>cj 4 JUJI O^^Lajq oSf <JL>- 

.^Slj^Jl oL-Li!l <wili>o3 

t 4jj-u#ljkXJl L>*-oJ| £ j*b ^iAp 4JL>«Jl Lao p JL>t«) 

JjtjQ <JUJ| 4J^Lajo O^jqLajqj .^L£Jl i—JJJbj ^L-o-^Jl 4 ll 

iSiLjw ^Ij^i^iI L$i~aj (1.3) JjJL>Jl ^ {aj>} o^LqLa^JI 

^jLp <jjJ\ la* 1 >cJJ .^JltJl *^a>fcJ 4_SL>«Jl 

; iJUl Sj^all L^jjJ {aj>\ o^jqLajoJI 01* ^ N c ^jlp 

a = 2l zL a i a j x iXj{ !-8^), 

(3.2.4) 

6.|V, 

Jj^JL i Oj-S^JL] iJUJl JJ^Lajo ^ ^-*iJ {aubii 

JpUlJl O^LoLajO aljLpSfl ^jA JjLoJ^O SyJ t X{ 

oM^Lajo <jjj la *, > J^pLilil O^jqLajq ^^aJ ^JLjj 

oLJ j^-oJI ^jo la* 1>«J ^ajLoJI oL-*Li 3JUJI 

oLj^SOo 4 j la*l>- ^ i*j^jjj| oLlJ^oJl ot ( j^yakjj 

. la a » oLj^SLJI t jjo Lp-jj dltlA ol j-1 L^S* A *- d i jjb •* ^j-^4 

* 

J^pLilJl O^aLajq ^j-j-j-AJ 4_lJ A-^p jjiil eJjb i LJLo^P 

4-JL<j^a-<jJ| oLl^LJsJI la * 1 >iJJ 4 JUJI <J^Lajo 4jlA la * ) la * 1 >nJLS 
(j* t j-^ ^jLlSI cr* c la*l>nJl ^^aJi *^a>«J 

.-kivaJl 
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(1.3) 

giui ^ Jb-ij awi c/^u, jo aii.1 


<ju-i «w«. 


r 


.mi 


r _ RT - 


P = 


P = 


/> = 


P = 


r-b~ 

V 2 

~~^l + 5 (T)K“ 1 + C(T)V~ 

RT 

a/T vl 

V-b 

V(V + b) 

RT 

a(T) 

V-b 

V(V+b) 

RT 

c(T) 

V-b 

V(V +b) + b{V-b) 

RT 

1 

1 

a 

3 

>w/ 

K> 


-] 


F[r+^(r)] 


JUj^ <^U 
illflJl JjL»* ll jj£jLA O^-aIw-4 
- cr^^tJ 
- c/'j- 
c)j—L jJj - 


O^jqLajq 4jLI la* 1 1 oLlfij ^jq JLjJLaJI iJLlA 

olp oLlSlJl oJLa ,4JL**j«J| oLlL-Jl iJUJl 4 J^Lajo 

oliLJl ^ s < i La A 1 <JjL>cjo La^ jiil o^LoLa^JI jLj>-I 

4 JUJI <J^LajO O^JoLajQ ^JjJLaJJ .iJUJl <J^LajO 4jJL*JC«J| 
ol j-A 4 JUJI <J^La^ 0 La. .A oljjp^jo JL>4j . 4 JUJI <J^La^ 0 ft La. .Al 
1 iaii j-£oj jl Jb*-lj ^jlil <-oJajbU *** a 7 pJLi 0%oU-Jl 

JLjJLaJLj JaJL>- ^Lp ^ ^L^IaMI oli ^Slj-oJl ^jo JLjJLaJI ol 

4_!jL>«jq ^ 4 JUJI <J^Lajo O^joLajo O^jJLaiJIj .oLJj-£-qJ| £jA 
.^jLJI ^ILal! ojlai*JI oIjj^oJI 4iLlla*l 

hj jaJI ISLib ill jJlji 3.3 

L-lJ 4 jjIj^>cJI LSLjoLjjlSI ( ^*jIjJ 4_pL_*/? jJL! 
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fjLJLhii ^JLp <a!ajo I JLj-J ,olJUbLi^oJl iijjoo 

lij . 7c SjI^- oU-jJb C tB tA A^Jarf vij^J 

^LklJl £-a {£j\y>- OIJjI (j* i^JajSfl oJLfc ^jq OL^JI cjL^ 

OIJjI ^ Lj^£j c)t **-*->«j tiiJliJl 

* 

LSLjoLujULJ ^j a */a ll 0jJLsJl ^jb ejjbLtuoJl oJLa -1 -■« » ■ 1 " ij . A » 

: Ji US' ij^*Jl lSL.li.jdJ ^>^1 o jJlaJl ibJ ^SL.j .ijlj»Jl 

7^ = T 7 * T b = T cJ T a = T c 0\S 1*1 (3.3.1) 

Jl?-I Lgjt-i ojIjj9«J| ^jjI js**S\ LSLjLjjJL! (JjSfl 0j-iL-SJl 
0 y[2i\ UsS ^Uij .tt y^* iSUaJl Otj oUaJl JLSLit 

dU = dQ- dW (3.3.2) 

* i , * 

^Ikl] U^UJl SLUl ^ = dU 

^ikii 

4j JaA^Jl -k^-jJl ^LklSl A-k—ljj JjJL*J| JjuiJl = dW 

4-*jI j a * ll jLj jjb <jjljp>cJl LSLuoLjjUL! ^jjLsJl 0jjLdJl 
otajlm jt aiAj fjAZ** ^UalSl i*j|^ixil ^jL jSjjj .(JJjcqJI ^Lkl!l 

. (Entropy) Ljj^IjWI ^j ^ a * dJJi ( j---Jijj 

ojljpJl 4-j-o^ ij—jJl 4 jL dS LlJJjSjWI ^ IJL>- k***j JLiu Jjt t *^p 
tT ^LklSl Sjljj*- dQ ^LklSl Akuil^j a*^*^qJ| I Jj>- aL*«-J| 

:01 lit 



y j-li-iil ot LSLjoLjjUL! 0yL£!l 

! OLi IJLjjj tlljU yi-J c)t A(S LjjjSjWI 

AS > 0 (3.3.4) 

f LkJl SiliJ yb LSLAj jlJU ^JWI 0ytill 

<AJliJl 0yL£!l .(jJLia-oJl ji*/2 II yo 4jjly- 4j>-y c_jIj1sI JLIP 

^9 ^ 41} Ij 4^a 3 yo c_J jlflj ^UalSl LjyjJ ol 4 jjI y*j| l^uobjjJLS 

0yLS-Sl 4 jLiS ^j^Ltuj .Jjlla *11 yL^Jl y ojly- o-y <y lysl 

: Jbll J£sJL ijIyJI ISLoLjlU ^JWI 

5 0 <-5a^ 0 + K<-rl^ (3.3.5) 

4-*_A-*-Ja 4_>*-*1 j 4jjI y*Jl L^^LljjJLS t^JLiJl yLfiJl jLlp| 

.yWl OyUU 


2jJ yJl i*Jl 

gA Sjly*Jl 4*^ yb (Heat Capacity) C y*Jl o>—Jl d\ 

• c5^ AT 7 iwiyt jlJLiqj p—* 5 ^ ojly- 4j^y ioj^Ul 

C = ^ (3.3.6) 

AT 

0 jlyi jl) (Specific Heat Capacity) C Lejd I 5jjI j>J\ iiuJl 

: 0 ) (s\ iw p—»JI jjIp i« y-3u> AjjI j >Jl i**Jl ^ (i.PjJl 

(3.3.7) 


c-I^ 

m AT 


_<g_m£rfr 

r t 


(3.3.3)j (3.3.7) r^jdaL^Jl L«a 

: JbllS SjPyJl Sjiyi «WJb L,jd}U 

(3.3.8) 
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JpIaJ o\ S^LoJl 4Ja-h*|jJ g SjIj^cJI 4 . a *T 

jj &I ojiUl Sjl^Jl a^ 0 jUl jt t SiUJ iJLjjiJl aJUJI 

; ^ m Aiks' p—*>J 

0 = +*i£ (3.3.9) 

SjI y>- ^ Z/ A*-*S3| .JjJaJl ^lil-S ojiUl SjIj^iJl A*-qJ> L 
jA-lJl SjIjj*- Z/j t JSLJI k—JUaJl £jA jjJall jl^yai^l 

jj\aS\ Jjd ^L-l5l oj\y>- ^ Lj * jUJl <J\ JSLJI jjUl 

jin oUol ^ *1*7 g SjIj>Jl SjLtJj . ^ *1 vai l ^ jUJl ^0 

tg > o ot SiUJi 4 *«i£*ji &j\j>*}\ ^ saL^si 

<jj\y *Jl ^jJLjh^qJI Qi ya 2 : llj toLoJl OLjji 

L^lJ a>JLv» (3.3.9) itaL**Jl .SiLoJl ^JLq tg < 0 ot 

^jJLp .^L**a 5' ^|pLdj Obi! ^JlSI j oLqJH a-*jLij^jjJ| ilUJl 

L A^\ ou i Jlj^l ja JL+S1\ JpLis]| Otf lil 4 JIUJI J~- 

• Jlj*^l SjI^ ^ 

LjjL M Li^p ISJ .aJUJI ol^ aLb ajj!^>«J| ajcwJI JL*1aj 

(Molar Heat <jj)1 j^*JI ajj!jjhJI a * «-II OLi J^L! aJL^JI 

Sjl^>«Jl ^ M i-jj+0 ^jA CV o j-*j jjlp Capacity) 

t j^*J . Cy = Mey Oj, iCy CJj-*J JLLP A*PjjJl 

Cp j_>*jJl ^jJLp JaJci^Jl O j*f JJLP Ajj'b/ j-oJl Ajj I j>*Jl AjcwJI IwOJjAJ 
A-k-^jjpjo ^>*_>*J| O j_*J JLLP Ajj'y j-oJl Ajj I 4_*-l*J|j . = MCp 

A3^UJL J\Ui\ JUJLS Jai^Jl CJjJ JLIP Aj/^jJI Ajj I j>*Jl iuJL 

: aJIiJI 

C P = Cy+R (3.3.10) 

jL*JJ ^jijjl j?*}\ Aj—jJlj .^L*Jl jL*Jl djU R 

JUJI 
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(3.3.11) 


y= Cp = Cp 
Cy Cy 

^jo OjLilj 7 <^L)\ j^Jl Cnri 5^-ij-oJiJi ^-JjJl 

. 1.7 J\ 1.3 


i+j)i 

^jo jUJU (Heating Value) j 

. jLjJL! Oj50j J53 i^Jlj jL>Jl <^Sjj 

i f jJbll JLp H m JaJL>JLS 

H m = ^yiH t (3.3.12) 

J=1 

Hfj t i <Jj-«Jl j ?ij t ^JLp iV c 

^ V; L1I jUJLS UJUlj .i 0)£UJ U*iJl 

1200 1000 BTU/ft 3 (3.73 x 10 7 J/m 3 ) ^ ojLiU 

i^p JLU> ^t) LjLa-JI tijjJaJl JLU> BTU/ft 3 (4.48 x 10 7 J/m 3 ) 


2L&UJI uU ^ Jty^t 4.3 

^jA J[jL-J| ^3 iojjuJl 4 jjIj^*J| L£**|jjjJ| J5 ^Lo jLui 

JaJL>«J ^j^uoLujJl L^l J^4 j- 

JaJL>*j| ol ^y?ljldL c_jL^>cJ| aJLo^P IjLlhii -j-IrfLo ^Uaj ^3 ^SLoJl ( jjo 
43 Li? (wdJjAJ LJ jJtpH— 4 a^j^S| eJjb .(JIajo pLiaj ^3 ^ 

4*joj-q^p jJLSt 3 JLl*jo «iiii jlmj ^jJLLl* .oj^tJl (Gibbs) *?- 

^LtLoJl ^IL.ll 
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jUJI flk)l 

4jjI^>cJ| LSLjoLjjUL! Jj*| <3jjLsJI 4_>Ll£j 3.3 ^ — s ll Ll«j 

; JUI (3^° 

dU -dQ-dW (3.4.1) 

* i , * 

fLMJ USJjdl iSlU ^ jjtall = rftf 

flfe]| 3UJI = dg 

4j JaA^Jl -k^-jJl ^LklSl ik—I jj JjJL*J| JjuiJl = dW 

• Ljd t j w 11 ^ 4««Jbl *7 i» 1| 4-ui^SoiJl 4 aJL^aJLJ^ 

dQ = TdS (3 A.2) 

.^UalSl LjjjSjJ = S 

CL*jLj {£j\^- c)t 

<k-L>i| jj JjJL^Jl ^pufJl oLS* lij . T <j«JaIljoj A2j[j oj\ JLlP 
; jli t-kLivaj^/l jl iJUl]| 4 >ilaIj kitt jJb ^IklSl 

dW = PdV (3 A3) 

la?: a j duU )a » --« Pj ^UajJl K lL-^- 

(3.4.1) iJaU-Jl ^ (3.4.3)j (3.4.2) ^jU-JI u ^ i yt2 i .fUkJl 

: iJ* 

dU = TdS - PdV (3.4.4) 

5-SL-l^jJl cj\ jt icui\ JL* V U^IjJI iilUJ JljJl aUip^l 

: ^ jlfc.-Jl ajJ j> J| 
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U = U(S,V) 


(3.4.5) 


) j- ■ iSUp sJLuLo AjjIj_>- Aa^uolljO 4 - ^ llUjkJ 

JLjjjJLi Uojf S^»*J| A3 Up —Tj ,o^>Jl 

! aJIUI AS^jlKj i ^omj 


G = U-TS + PV 


(3.4.6) 


Vtr 


31 ( _ r Lo G S^JI iiLU ^UJl iU^oVlj 

:t5 * 4l£_JI i,lj*JI iSLibjjJI 

G = G(T,F) (3.4.7) 

il^liLaJl J »lij jU4s ejLjaj) 0 j>ti I A3 Up Ja^Lfljj 

^ t (3.4.7) aJjUJI <y iJLp^oJt JljUl jUip^U WUJI (3.4.6) 

= il 


dG = -SdT + VdP 


(3.4.8) 


Jj. 2>aj ( *j J » ^uLm a ^_>U| - AS Us a, 1 ->. 7 ,., 1 j 

o>3l OljJl 

^UaJl 

t)Ls i ^jJLjLoUI ^UajJl ^3 jjJaJl j_J3U»-S(l ^kjLoJI ^y> la «1 p*J 

jIJLSa jjip UauI c)liJL«I«j Gj [/ jjaSJjljP*!! jjaSa^jplijjUl jjalJljUl 

G = [/(s,K,m,,» 2 ,...,«* c ) (3.4.9) 

G = G^’,P,n i ,n 2 ,...,n f fJ (3.4.10) 

• Jlj j-b i OJ-SUaJJ QjVj a 3i 3JLP .Q*Lja 33 N c 3JLaJ 


117 



; Gj U ^£5 4*L>Li5l 

dU = TdS-PdV + ^ i dn i (3.4.11) 

1=1 

dG = -SdT + VdP + 2L\i i dn i (3.4.12) 

i=l 

• /ii ^j*± 


N c 


Hi = 


V^/Js.K.n, V^iJr.P,^ 


(3.4.13) 


i-JL cr^r «SU* L? js«sJ' y» J^»j| 

jl iissa is^. JUfLji j-jlj .b’jfuu c/y^Ji iJLP 


ij^l 15L.L.J0J ^Ull o^UJlj ol>*^l 

oLLajJl ^»> ol jjIp ISLobjjdJ ojlUll 

ojljJLa LsjjXy\ j-Ixj <JjJL>*j (JjJjt-oJl la*il 4 jJLJL>«J| 

• <^1 iS^ ‘ jt 


dS > 0: 

(dif = 01 <jj jS& 


(3 A14) 


dJl^ lij fj^j t iJLJL>Jl oLJLqjJI 

<jU iiUSJl <-*i Uj o ja**/? ^y>-] oljjl 5JL?- oljjI 5JL?- ^jo 

.iJta 4 -ui j^Slp aJLo^aS' aJLjjJI aLoLajo 


oiysii ( 2 . 3 ) Jjjl^ji 


c4 ^i«iU 


jj~\ 

jjiil 

z" 

4 tKtP 



* 

«* (K (5 

JaS/l 

*7 

* pJ 

rti iP iT 

JaS/l 

G 
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<^1 JJLP ^UalSl J-^1J 

! 4*5LJ| 43^jJ| LoJLP (jj! i Jj>- ^I^dl 

dS = 0 (3.4.15) 

! 0} t oti {rtf} tK t G 0 cjlj I Jjbj 

dU = 0 

dV = 0 (3.4.16) 

dij =0 V/ = l v ..,JV c 

4jjI j>*Jl 4^SLoLdiJL!l oLq^JL! I JjJLm L**5 

(2.3) JjJL>«Jl ,Ju>- jj-SJ Gj U c* i V lij Gj G 


ijjlolS"5*3 

JL£*4 JL?4 Sjl^>Jl Jj>*j jL^ 

.i-jLjj-j-SLSi iiUaJi j\ iiUaJi jjlo i fj iiUaJi 

£3 j^o £jA SjI^>J| JJlJ jLtf- 0^3 t 4 j jULqJJj 

i3j->*-oJLJ L->T 4 */ 9 J_J Lo^-Uij (1.3) ^J^-ilJl L5^i 

^jjo .j ^ .ijjl^>J| 

*jj*j l*' <_r*l ^ : - » I I o^ 5 £?2 SjI^jhJI 

<^^4 <4>- ^jA .ijLJl (^41 Ql Sjl^>Jl 

W Ji-iJl AjLJI {y* 4j>-jI>JI Qj Sjl^>Jl ^jqJU ^ jJSlj t 

ilj^boJLS ijJ^Jl S*Li£Jl . ( ^j-L-Jl Q 2 lj\y>- J-5jJ 

SjIj^«J| JjJL^oJl JjCiiJl ^jiL-s^ ^J-H 4; *-« ll ^jlj^«Jl 

! iJUl ojj-^aJl JLp j 

a 


- = w = Qi~Q\ = \Ui 
Qi Qi Qi 


(3.5.1) 


Sjlj^Jl j* ijjl s*}\ Uwa-JL! *taSfI JjqLajqj 
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! oj, 4 a1x*«Ijj aJjJIIaJI 


COP = & 

w 


(3.5.2) 



AjjI jaJI A^uxollj {j j|jaJI 0:(1.3) j£uJt 


JO tf Sjja 

U-ij-oJ (1832-1796) (Sadi Camot) jJjlS' jii\ 

^yJLiuJl jL*Jl 4 1824 ^Lp ^ ^jl^>- iJL^JaJ 

oJLa .A*« j^P aJLho Jj>-I j* la»./?j JbJLoJ j»J . 

.(2.3) J^JI ^ (3.3) Jj^Jl ^ a^o 

AjLaJI obd^-^ aJI^ 4(1)^-°O^-b^ La*A o^J^ - ^*«Jl 

(Isothermal a*_* y aJu^JI .oLjLLoI oIi-JL^p U~a ajuI^JIj 
a^P oj, tj\ - Sjl j>ti\ a>-j^ L$J jJcl ^ ^\ aJujJI ^ Process) 
(Adiabatic a^LLoSH aJU^JIj .aJU^JI hAi Sjl^ j>JI 

Jp-JLj ^ _ ^jl j>- ctalJ L$-i oj £j ^ aJUjJI ^ Process) 

.4lo SjLp- (^1 £j*«J jl fUaJl (Ji S J^ C>' 
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j> jli' Sjja J»-l ja (3.3) 


aJUjJI 

Ala-jll 

T 2 ojl J-\ JUP Ji jj j( iJLC 

JjV' 

jLjlti! aJLc 

iJllJl 

7^/ 4-s^i>tdl ejlJliP ^jj jj ji JgU./atl 

sdbJi 

Jjljljil JgU ./3)l 

iul 



- -‘Llajpjjjl 

- - 4jSUjJ 

t 2 >t ] 


S-Nju (3.5.1) 4 _taL*-<Jl rj llSELLS' LuJ 

11 iJop-Li^ Oj, Jj-dJ JA iJllAj ojl 

:oi J\ 


Jj Sjlj^il 

auS&aW aM Sjlj^i 


7 } = 


t 2 -t x 

t 2 



U±\^\ ij J=jt 


(3.5.3) 


! jA 2jjjd opla^Jl 


(3.5.4) 
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LJL^P UbJLuiJu l,* * */2 ^ JJ jlS' Sjj^ oU—* ^j^JLJ o| 

4 JllJl ^JLp .[9 J^iil *2002 *(£engel and Boles) jJ^jj 
(p-Lq) aJLjL-* cj\ jJa_j ojli f-■ AiJl ^jLo jjb oLS' lij 

ii5LJl ol>all 0^ ol ^Li£iiL 

4-^P ^yJLp -kLL>Jl i_J j-P <>“ t 21 

^ JbJbJl (Rankine cycle) Sjj^ ^ 

.jjjLS' ojjjj idil^Jl oLjjjwJI 

4j^P ^ |jb>- jL>*j ilJLpJ ojj^ ( j0j£l 

*L«JI ^ 4J Jj>1£]| lL»jl>iuj 

^JjJLLjJ-jI) CUjLL!| ^JjJLjWI Ja-i-^aJl 4 la **lj-J ^UaJL-Sl J^b 

|Jb^ jL>«j ^1 ►LJl ^ ((Isentropic) 

ji-LJl jL>«-Jl ,4 j^LaJ| ^^3 C^jU la k*£ JIP Sjl^ iiL^L 

o^l^_>cJl ^ dl) j *j ^3 ^j! 

oLJL^p JL>-j_T Wj Ja-i-^aJl Oj-J JLlP 4-JU£Vl 

^p oLiiLuJl y Jb^J .4JHJI ( j^lj oj>> ^ 5JL?-b iu- jS^pW 

^j 3 ^Llbo <jJ^>J| ISL^LuJLSLj (JJLjCLoJI { j t <fljJl j-la-ll ojj^ 

.[9 J-^all * 2002] ^Ijjj ^J^i*-** 


jjjl SjjA 

oL ^JiSl ja cjj. 

J-iJl J-Sl— jJ 4 ^ ^ . ya ^ l l CJ LjjJ»J| ( J-si_fl-«Jl i)j-»«_*Jl Oj-^-J 
i»lj-*iSfl j^Lij gj> j-^-j ^ (Otto Cycle) jJj! Sjja .4 .,/? ^JlJI 
V- 1 l^i+j .yjl Sjj^ c^j^j 

(Nikolaus August Otto) jjj\ c^-p jl j5Lj ^USfl 

! Jj>-I j-«Jl 4 -JLojcj jjjI Sjj^ <wi-s4»j Lui^jj .(1891-1832) 
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yb <L>-J*lyp SjLp oj>J| Jj>-Ij-«J| yo ^j| 

tOjJLflJlj 4 jgLjCyfl J 4 ^yb 4_*_ijSfl -blj-LtSfl .JLuJLLt'yi 

j^oj (4.3) JjJL>«Jl y <ilyj oJla .o^Lil'yij 

L»^a 4_*jIjJ|j ^jSfl ol^JL?-^-qJl .(3.3) y Ls^ljI 

iillill 01 iL>“j-qJIj 4JUi^/I <ls>-jjo yb liil <L>-^Jlj 4 01 ^jLiL^I 
(Isochoric <jj jySfI <JLojJI oLiJL«-p L«jb i^uoL>«Jlj 

- Lfci ^ ^dl iJUxJl yb Process) 

l5 y«-«J yb Lia yd I Jj>-I^J|j Jal ^iSfl .aJUjJI IijU 

J^U>- A aL^:!I JLIp yyJlj A ^jJl yo iaJL?- 

J?j-fci B 4lad *11 ^1 i LuLL^I JaJL>cJl law*/? ^Ju .(Jj_>-jJl Jaj-ki 

Lojup ^Llaiil 02 Sjly- ,4JL*-LiJ ^ yoj 

3 J Ulll .C 4iaiJl LyjS'jyl ^UalSl k*^ ^tayj Ja-4>J| 

la«l?- ^jJaj .ojJLdil Jaj-ki j_A D 4_kiJl C 4_kJLlJl yo y LL^Sfl 

l yLO*± i j iLjfZjji] Qj "ij\j^- 4J-JJ-; jL*-!l 

.O^Jjj'bfl -tA <laij| 


(4.3) JjJLsnJI 

yy *jy> tH^ 4 


(0.3) JSwII >il) UwJI 


^|L>Lol J»U«al ! B Jl A <Ja4i)1 

JjVi 

(Jl wT.tl 

ajiiji 

Lj/jjit .L^JI SiLj :C Ji B <LsJI 

aJUJi 

^jLLat .Mm .^1 * D ^ 0 < la 2*. 11 

iuijJi 

LjjSjJjI JaJwaJI lA D <kIlJ1 

L-.U-I 
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V jjjI ojj^ o*LiS ^J-oL«-o J^H. 

c ^ i/? ^ 1 ^»A Lw */3 ) | 4 _u**kJ jjjuJ jl^^tJl I 

jJ i-^ij-ojJl - Ky ^UaJU ^yj.51 V2 ^LU_U 

US' jjjI Sjji op-LiS J-«Uo iiliS . 10 8 ^^a r JgU.,^^1 

:Ji 


^Otto = 1 “ ■ 


j r=- 


(3.5.5) 


j-A jjjl ojj^ opLi_S i J-oU-o oLi tr — 5j y — 1.4 cULS IS| 

.5ull 56 jt 0.56 


SjlJU&I 6.3 

‘ Ji^ 9 U* tJl U* O^H 

ij-ijb ^-P Ojlj-P*_l! (jLflJLil ^-A ^1 t ^1 

4>xla1j ojIj>*J| jLdljl j-A ® i J^4^jl]|))j *4JL>-UJ| oLjl iS' y>- 
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» 4 


ilj-oJl ol>ji 


ol>j-oJl ^y?LvaI>o|j ^LjuiJ <Jdj^ ojljpJl JLdlll jJb 
J-oju fj^+i ojl y>^>\ JLSil'y (jjjaJl cJjb 

^9 4 jc«JL>kjo jI 


J*»JI 

Sjl^>cJ| JJilj S^LqJI ^jJLj (<JLhJ| eJjb 

* * j * 

LjjIjJ- LjI^jI ijLJl Ja-L^jJlj il^LJl SaLoJl tdJLSi Jbu .ijjl 

4jjI j^*Jl oW^LjqJI ,^jLJl Ja^iijJl ii>-L*Jl S^LoJl ^ j +j LoJLip 

^JO ojljpJl JJil! ijT JLp JbJJu (JllJl p-L*i!l ^ 

<J kilii Jbu .^jjSf I ia-txjJl 4 j^ jJLpSfl Ja-LXjJl 

(>* ^-uoLlalil Sjl^>Jl JJilJ 




Ji- aLU J-^sil *LJt JSSJ at ijIjsJl olUJ ^SUi 
(Jjlju .ijjjJl y>- (Jj ji? jj.* 1 jl oLijjj»«Jl 

L LjJ jJ»j vl alaij 4 j-L~js PHeat {Sj^j 3 *^ 


'Heat 


= k T A 


Tn*- T < 


Cold 


(3.6.1) 


<J>-J*J .oLqJLS AjJj*J\ 4 A */? j-oJl kx < ^r > ' 

,L a±L~jo (T Hot > Tcou) Tcoij JiS[| oj\j>J\ o-ji T Hot 

SJb-j J53 La/?Jj pj L yii\ lj\y>zi\ 4^5' jjb Jjbuo 

SI olJ^-jJl fUaJ 4-LP jJ-A-JJ ^J3to = AQconductred/At 
^ /I olJb-j (L/bl SI ol Jb-jJl pUaj .(ol jJl) ojJLdJl oJb~j_> 
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iK Sjlj—>«—!l cm ^—a Z/ 4 m 2 

4*1 (5.3) (J_jhA_>cJl 9 . W/m.k /ct 

.4js1i>cjo il j-<jJ 

£Ui)fl 

4_a_v»L>iJ| ^La-^^U Ll<^J J-jJ-aJ 

Jjj^Lo ijj-Jji Lf^l ““b - * -1 */ 2 1) 4-l^j-qJ| 

,4_a-l^^11j^ojj_a| j-laJl ^7 ^iJl O^^La^JI jjk 
O^^La-aJI oJjb j . p- j^!l £>jlJ 4jN^La>o Jjj^Lq 

^-laJ ,4-c>-^- oJl ^ajLs^>*Jl bJLP p- j11 (jlj j_lU L^l JL>*JLk>#l 

^jJLp sjl?-Ij 4 L ji Jj_t ,sjl?-Ij <j>- j^o (4.3) 

okj*Jl ^JLPj JjkJl jA LjJ 4isl£>o 4k<ij ^Si 

S^ c(4.3) JSLUl ^ B ikiJl tiiku, <k£ 

jl (cycle/s) 4 -JIj SjjjJL kULo f j-«Jl wjj ja 4 JLko i~boj 
w = 27cf ^J^LaJL / w ji JL k-J^ »v fjj \jJl m yJlj . (Hz) ^^jJl 
4 j>- j-«JJ T ^SjjJlSI .(rad/s) 4 _JLj ^IjJI Sjl?-j_j ^ULjj 

.(s/cycle) Sjj^ ^Ujj iS^LJLj 

jl a jl j^«JI 4JU<9 ^aJI (5.3) J>i>JI 


*tWI 

25 °C JL_^_* faU,l 

LyiP-l U^jU 

25 °C JL_^_* UUI 

(W/m. K) 

(298.15 K) 

(W/m. K) 

(298.15 K) 

0.14* 

u?rjj±* 

0.026 

*1jA 

13.9 

JbJb- 

237 

fjt^ 

2.20 

iSjiPr j>* 

0.16 

o-y-r^ 


(UL JL>^ i Jb) 


(j*-j ‘-fJ) 

0.79 

15L. 

1.82 

; c.i».*[) <jL* 




< cr"" ‘J*J 
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0.023* 


401 


429 

d 

907 

A 

60.5 


0.75 

yr\ 

0.609 

(^pLo JjLai) 

1.10 


0.0186 

C^^JLO jl>fc») 

318 


0.12* JI 0.04 

t 

0.14* 

C-?^* 


.[479 1 2000 (Young and Freedman) jU-L jsj 

. 119-118 ^ a 996 <. (Cohen) ,y>jS Ij-Uail 



JL^-I j ^ I ji Jju ^ y> *Sy>- 2J ^1 

isf Jjjl italic Juuj 


1 d 2 y 


(3.6.2) 


5V = _ 

dx 2 V 2 a 2 

J_p9 yj < " X cAJIj^ j^yA X 

jLlijl aU«j| ^ vj t^ajJl tj iy j_pwJl 

i ^lJ| j3j LgJ (3.6.2) ^-oJl 

iS'^p- AjL _l.al.nj La LJlp O^S l IJLjjj .e-j-^Jl 
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jjIp (3.6.2) Aial w l ) 


y(x,t) = y(kx-aX) 


(3.6.3) 


LjJj-1? a_p- j_«J m' 1 5 j_p-j_j dJLaJl k = At/X . ? - 

jLx-jI 4 J Lr >j <. j| . w 1-AiJjjj m SJlj-j_j X Lf >j_«Jl 

/ (Hz) iS 1 itJ y> (rad/s) j .Jjiail i_jjJLLb 

; 4s?j~5\ <bl.J iv»L»J| JjJLsJlj w=27tf aS^LJL 

y(x,t) = y 0 cos (kx—cot) 
y{x,t) = y 0 sin(fcc - cat) 
y{x,t) = y 0 exp[i(kx - cat)] 

S 

(J5»J V 4s ?Jjjl 4&JAMJ .43? j^JJ iljlill Ajc^JI y 0 


(3.6.4) 


-(?J 


; iJbJI 
(3.6.5) 


wyJl 01 U'&ju (3.6.5) 

ii^Lp 0L» 1 LjJL!Lq ^j aJuJl ^ 5 JIa 

: ^ ^-Jl ihL**J (Dispersion Relation) 

fA = v J a> = kv (3.6.6) 


iJL*Jl ^>0 WjJlSI 0^-j Jj-S-j (3.6.6) 4_taLjLj«Jl 

<Jj-iaJl ^ wyJl) jJj 

. 4j>- j-flJ 1 4P j*n 

tijl C Jli-Jl J***- ^jip .4*^* 4*^ (>° 

I tjjJaJl JJL^oJ .jJUw ojLj ^^si-JLq 1 * la *j 

4-i^lJ 0j-50^i ol I Ol-s^j 

4^oai!I ^jtiavaj LoJip .t_jLJl jm iS(I) (5.3) ^ 
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• (^) (5.3) f ^A Lj^j oJbj-a ^^a. ^ Xaaaai c^LaJLj 

A>-^a-*J • (JjiaJl l—4 a,Aj LgJj A^-^-o UL^A) ^A A-s^-jJl eJ-A 

‘ c^b 4j *-*J Jb ‘ <_s^ Ji Jr^ ^>*j 

1^1-o.P '—* i J*J ol^^>«-!i aJlA ^-«>5f- Ajwsj j*j 

^3 4-L«-<»Jl A_LaL^Jl 4->-^-aJLS^ Aj>*-)ljiJl A* 111 

cLLc^jL>-j-oJ1 oiAa iJ-p ^j-o^p . (^) (5.3) 

S*jUI U~Jl~JI T fc::„ J5 L!Lj Ji-t Jlj c^i J^' 

. (Wavetrain) ((^y*-j* Jjj» ol>j*Jl 



.([2002] <(Fanchi) ^U) OiJ^ -(5*3) I 


ob^jjj ajJli?*-0 a^ j-« Jljil L^J pj^JlJ ajlLi?*_<J| oljJVl oj, 

t ^-$Jl P^A^aJl ^1 4ol^j P’j^a^.U A-w>-^_oJl ,A_i)jL>t-a 

*LaL*Jl oj-AliaJJ A-*j>-( j !jb *)I I ^a |j->- LiL^ Uajj_Ji la 2 Q 
A-*-2wb\J (jLi-a j-p!jJl oL> jj* .Aa-^^ jj^_^Jl Aj^JuVIj Aijj-*-oJl 
dr° p A-L jj-L? AaJ>- j-a JlJ_L?L A-s-wsA^LJt-oj$LSl 

Cb*L>-A aJ>-^- oJl (Ji^-a o jA j-o-Jl 
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A -y>-j-“ <JI ^ - ■ « ajj |j 5* 4jlA 1 ijllA OJ L*S^ . jjiljJl 

(X- A/...JI isulb U J>j| .JjJ\ t- j-*aJL! J^kJl 

JjJaJl o jji iwij! aJL&j j ./ait tJULoJl iR ays) 

i>JLJl i (Gamma Rays) L«U> i*-l !j .J *j./all ^ j_<Jl 
(Jj-laJl j ./ail LjJ tAjjjjJl oljL>*-fl-iVl 

L. JSLlj a^^JI Jl>Vl ^ yi t^JLJl 11 a .L^J\ axJ.'jU 
. (Electromagnetic Spectrum) (^*-1*1^j^$S3l cJJJL tiyu 


iSUaJl iLAjlJI (JjLma (Stefan) OL&aI** *■ 

:^bJI j^A > 

P taA =^^ = aAe T T i (3.6.7) 

A/ 

£_A*J| v4j t(W) ol jJLj a-LL. P rarf 

hjIjlSjj (Stefan-Boltzmann) 0Ls_)iJj-i _ Qla.:.. c-jL? ctj t(m 2 ) 
erj t(°K) r ... >^Jl a_^-jj Tj 1 5.67 x 10 W.m' 2 . °K' 4 

.W-^l J\ aJU> ^Aj >r ^JJ ajjI^I LSUJV1 

(JlSijl (Jjbu .^LJI ^jo a^pLkI) aSU? ijLJl 

: ja AxaUIVI AiUall 

p *tnm =^M = er^ er (r 4 - J^j (3.6.8) 


-k—jJl SjIj-p- A-J-ji Penviron) (W) CjIjJLi P net ra( J lA. . ? - 

^ ...-»-ll a^Ls ( _ j JLa ajjIaILilJ^/I , U:>‘ . (K) 
4-uL**j| L*J 4jjJi^J| <AjoLwuaJ| oLqJI JL>-| jJlj t *j*J 

^ 0L*JLp J jju/ui ^jJLs ^ck*-! 4 jjII iuLjcJ'yij +4 jjI j^- 
^tk—SfI ^jo JLpI SJUJI L$J (dark) ioJUJl ^tk—SfI . ^JuJl 

£t • (^r)dart > (^r)iight ‘ (light) 4 _*j0^L!| 

•pauJl aj-SlI L>- 1 iSjLJ 
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r^' 

( j-o ^3 j^Jaj ^iJl (£j \^>*JI 4-4^L>«Jl iJUJl oj, 

wwj>*Jl ^yJLp 4 JJL 0 V I Jj>- I . ^ ^-*-^ VI |%—wmj>*Jl ^UJ.1 ^a 4jLlaJl c^LdLuwu 
L l, * ^ a 0 J L*^ 1 I ih^A .(6.3) JiLiJl ^ JLa 3jJ^2\ 

OljJL?-j ,<L£>-jI Jb-I ^3 4 j t c_jlj^>tj jl ^yJLw-o 

^-w^t-wwJL) Ll^d ^-0 4JL*»3j 4JL^_laj 4-^.Ufl^o 

jlj^->«-!l o^Lo IJLoj ^i_j jJL^a) LgJjljj>- oLs t c_i-ij->tlJl olj*A->- 

iJlA 4 —w|j 3 <L>tJtf| 

^3 11 iw-Jliil ^-o £jUJl (J^JaJl ^>»LuIj 

.C-ii^>tdl 4^-j 





(jjLiii 


^LU^I *(6.3) Jiuiil 

^-^>Jl ^y> JiaLI^JI ^U-i^U iSLlaJl oLi^ 

iSUaJl iiLiS'j -(7.3) J^LlJl ^ (Planck) «cL1J!Aj» 

^jjlJlj ^hjuj (J*^ 4sU» ( _ S A M 

: [173 ^ <.1988 t (Weinberg) ^J.lj] JUl 

8 7ihc 


du = 


expl 


he 


=r dX 


-1 


(3.6.9) 


,m y 

X + dA, ^1 X i-rj-JI JljJ^I ^ 


tiLiSj 
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4_taL*_oJl jLi iT JjJaJl ^]\ SJL^fLj 

^h OjIj I a^aiLai! 4_oL ^3 c-oI^j ^1p (3.6.9) 

4 _taL*_<Jl cjr «~~J .c p j^aJl 4 -pj-wo J *A; jLajJjo C-jIjj 

tdJLj^lj ^yjLJVl ^yjlj^-j-iJl 4-*—J dL^u ^ijjJLj (3.6.9) 


oJLfc 


^L saaaO 


i Jjl olS' 


I 


J 

0 

I 


1 000~ 
QQA- 


~~ 1 




800- 


’l 




700- 


i 




cfY| - 


m 




<W1 - 


\ 




3UU 

400- 


\ 




300- 


V 

\ 




200- 

_ -M 

^ _J 

1_ 



4 (Y1 - 






1UU 

0- 

w 



k-* i 

1——■- * 


O.E+OO 


2.E-04 4.E-04 6.E-04 

(cm) JjUI 


fl.E-04 


1.E-03 


I-- 


.iia. 


JjmiVI II £lx*3j :(7.3) 

JjiaJl ^3 SJIjlS' SiliaJl LJL_j L>^j (7.3) J-SLtJl 

^ p. 

oj-ftlJaJ ^L^Jl c-i-^3jJl L^.jI IJla ^ j_^a)^ oj #L ^>- 

I) P'Li^A-flJLI 4ojJajJl liLlI-wtfl ,2j-jww'yi 

{j* ^>\jj .(JlSLiJI ^ (Rayleigh-Jeans) 

iJijJLJl ^ij V ^>- - ^Uji <j ^JkJl jJI ol (7.3) JiLsJl 

JjJaJl LoJLLP (®lLIj^L|)) ^^Ijs^-La) ^UaJU JLaL1-oJ| 

4j jJaiJl ( v^*j I IJLa Jji>- I j*j*-*0 I {j?? 

(Ultraviolet 4 ^>^jLJ| Jji jL^I ^L> 

4_jL j LjjJ pL^iJl ^^Jlp oJlll^JI 4j^Ja.Jl .Catastrophe) 

.-LLP |jb>- o4 _jJ^J> 3^-wwVl ol 
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jj OL* tkilJi ^ja Mjjj j-<Jl Jl^tSfl 

(Jjiail LoJLlP 4 jL^J| ^3 |JL>- o jxiv? ^c^vaj SJLiJl O^J 

?i$L,5KJI iJUl ^ IkUl Ui J^ 

^iial^-l JLii . 1900 ^Lp ^ Jlj^Jl IJLa ^P 4jU^/I JIj^j ^JLS 

gSluJl £-* Jilj-ij 5JaL*-«Jl fj\ c(3.6.9) 5JaL*-«Jl g-l:::«*l 
* * * 

*^ -.-■» j * a IC-JLS' iiUaJl jl < jp \^liLi JaJii ilUSj tij^jjj>*lJl 

: Jb31 JajAJ| c* 


E = nhv, n = 0,1,2,. 


(3.6.10) 


p—»J| ik^.1 _jj iLn.ull (Jjl^Lx^iVl i;Jbj My V 

0<1)15 tiiLi^-J ti»a**Jl IJLa ^a 3 .dWL c^jIj hj nj-v Sfl 

dJLi^Lj C*jIj tdjJL>cJl ^ A 1 iSUaJl ol OjJJiIju 
^ jJjSfl Ajj^JU (jlbll t-*j^5l)l (h—»0) ji./all <JjJj 



: (3.6.9) aJjL*JI <y 
(3.6.11) 


: 5JbJl jLj- _ JLJj ii>Lv» (_jA i^zJl j 


Snhc 



(3.6.12) 


<y fcLJl y^pr - Ju\j ULv» ^ (3.6.12) iU«J| 0) 

at Jb»j JA 51 A WA 'M -(7-3) J^si 

_ OjlLS j^uiSlI ji ■■■*^11 £y> 4iUaj| <Jjj«_oJl 

I- (L)la.~.< 0_fjL5j • 1 J AjjI j^- A^jI w.iL OLijJjJ 

(J^>- A»-Luu 0 0 Jj>-j (J^iL>- ja j ^iJl AiUaJl jl i AiUaJJ A)l ^j/3-all 
: ^bJl j»<^l jjIp 1/b a^»Sfl jt-*-»Jl ^jA Ai*Al«Jl o Jj>-j 
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(3.6.13) 


U h =*T A 


CUjl? CT 


Lfclp L5*^ 4!iL*joJl ^ — ^^IjIj 4P1**^? ^j3lj*J 

kilj^j cjLS'j . ol yUl UJL3-! lij 

jllj JbJL>Jl 4 J|JL^Ij ^j^d»ll iJjb ( j y iij Jb*&\ ^ 

4_*^£ j3j .iL+ilA pJ->- J^-l£ iiLIaJl OJ ! JL>- 

jjjjJL l^jLj^ pj ji ii^iija ^jJLp dji^j 43 Hail dJj*^ 

43ila 11 31 */aa *^1| pJ_>*Jl eJjb .4Mjjj>bJl oitf**L*llj oljLli-'^l t jjo 

LjJjj \*y>- oUS3l j^ixJ ^jiil 4jjiiJlj t(Quanta) AoLq^b 
. (Quantum Theory) &4**S3l 


hj o^UJI 7.3 

iM jjL!| Jitjo LjjIj^- 4iv ?jjo SiLo 4 4 jjIj^J| oMiL^Jl ^JL>tLL-J 

t j£*j t j**5bJl jl?4 ^ja 4>«j liil Sjl^>Jl .^*a5Lo IjLvaJJ ^jLi«Jl 
4li>oSfl jl?4 a3u ^SiUJl ^ja y>^i I ^sUl l^JLdj 

^jlj^cJl <JiLfcj«Jl j_fc 4 jj1j^>«J 1 o'^iL^joJl ( j-Lp 

Jj-ta jjo »*/? 0jja3 c_Jj-jl ^^JLp tjj-iJL«Jl JiL^oJl 

OL^jlAjoJl OLjj-^j^fl OlJjb .LjjS'jjo 1 »LuL>cJ 0 jja3 i^J J_*jf 

* 

^3 JiL^qJl .^jJjJ JX-Ij OLij-iJ^ 0 Ljjj>*jq 

f-LoJl y^A oj^L^aJl iiUaJl (8.3) ^jo ^j^Jl 4^_>*J| 

.*1 j^Jl ( ji-L-Jl 

jt LJLi* Oj^j t)t ^jlj^Jl JaL*Jl ^5L«J| (JiJLj OJ 

4^ y>- iJLlJb 0 j_£j LoJllP LJLJ? ^jLqJI (jJJLT 0 j^jj ,LuljJa-i^l 

£_jLqJ| (JjJLj 0j-5oj (JjJJlSI oL>«_j'y 4 -i^jJoJLl-jo ^jLJLS 

£ * 

^1 iifc 4 a1j9IjB LJI ^3jb A&jaj! oLa^^b LbJIP L^kJ!I 


134 





jjJjjjj 3 Jlp ^i .(jjJiiJl al^jl c^LaL^cj^I 

^JLp i-i^jLjj $ £jL<J| JJjJLj £jJ jl tJJjJUll 4 -AjjJp Nr c 


Nre= PvD 


: Jldl ^pJI 

(3.7.1) 


jJai Z)j JiJuJl ipj— vj t^jLJl iiliS' p 

.^jLJU ^^woLjJllI ^J-oL«-o pj ^3 JiJdd 

JjJLlII iN^e ^ 2000 LoJU-P LJLJs ^jLoJI JJjJUj Oj-^-j 

11996 i (Bartlett) cJb?jL] N* e > 6000 LoJLip J,L£JL L|>l^I 

.[19 (J * 



t sJj* fvtj :(8.3) 


Jai-s^Jl ^ JaJUJl <L>-j 3 oL«jJL*-o ^jj 

oV ojlJU&I ^yjl^^la-4^^1 J.jg ~*jj .^jlJ^L-oJl ^ 


is j-y&j .^jL<JI JaJU*j ^j-dj ^yj|I JjiJUll ^3 A*»ljjJl oljLlJl 
J?.^s^Jl ojJLs oLlla *a 3Jl>*j ^jlJaL*Jl ^3 JaJLs^Jl 
^-o Jil SjJi ^IJa^j ^yiJaJl (jiJlliJ Jjilj-<Jl ^i^iJall 

.^1 (jiJLlU J^l}g»./?U is^gil 


^JLp (5jIj^*JI (J^L-oJL! (jj\ (JULlj^I 
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AjUl ^Ul oL iiOJl JiiLp- 

(JLflJLj'yi JjLa^o ^JLqJI <Ja-L>i|j_) OjJLL«Jl Sjl jJhJL! 4jjLwljo 

ojJ^ ll JLp SJj-j J£3 iSUaJL L^ULq Q ^jlI 

; iJbJI 

(3 =[mc(r out — 7^ jcooj = —[me (7^ — 7^ ] hot (3.7.2) 

cj t cJL^j J53 <1 iS3Lj L^ULq (jijj m iL«>- 

Kout^j Kin# 0k*l£5lj .Sjlj>Jl Tj Sjl^>Jl 

SELLS'j JaL^JJ Jj_?-jJI 

^Ul ^ y^iJl U*A)| Sjl^Jl ^ i^\ ^ JiLJl 

JaUJI ik^L* L^JLaj ^sll Sjl^Jl Jl ajLJI ^UJ ^LJI 

<Ljoll>- oLtiJLu 

^IjlJLaj 4 [ 1967 4 1965] ^ » */2 «7 -1 

(Greiner jJuIj^pj «.[1985] OjLij {S^Jj^r^J *[1981] 

.[2000] Okj [jJj t[et alj) [1995] 

£jA JbJbJl JLij .^i J-ojJl jJj-AJ ^jJLp JLSjO J-ojJl j^-Ju -2 

tffCuhn, 1970) ^LJi Uh 

.[1989] jjlsiSjjj - ojjj t [1970] (Lakatos) 

ijJ^Jl L5 LjoLjjl!I p^-jbLijo ijoLjJl q/i *) -3 

0j>lj t [1992] Okjj J^aiSl IJLa ^ C^ti jj 

t [2002] jJj_jj 4 [2000] OkoJLjjjj j_jj 4 [1995] 

.[1997] 0j>jj 4 [2000] bjjJj 

J-i-iJ ^-Slj -4 
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^j-D <■2002] jJj-jj <■ [1996] c^-JLTjLj 

.[15 c2000] 0L°Jb^*j 

^U; 

4j>-jJl!|j ijjiuJl i>-j jJL T — 2.7° K Sjlj->cJl ( j- p 1*3 
jLiJ (Molar Composition) <5^j-«Jl ^ t *>j_* L» (I 2.3 

V WI 


(kg/ OjjJ' 

kg mole) 

(kg) ilrf3l 

oii^sai 

16 

20 

(CH 4 ) (Methane) jli-a 

30 

6 

(CjHj) (Ethane) 

44 

3 

(C,H 8 ) (Propane) y 

44 

4 

(COj) 

:^UI JjjO-I^sI 

iSj-3 1 Jjll oVjll aJLp ^JajJLl ij^l 

(kg) <bS3l oUjSlI 


(kg/kg mole) 



16 20 CH 4 

30 6 QH 

44 3 C 3 H* 

44 4 CO 2 

^ojjJl b 
?jUJJ ^ji3l Ojjil Lo 

plialj jLiJl ^ (STP) ojl3.3 

iL : >- t (Atmosphere) <jy>- -kiv* 1 j 0 °C Lj* SI olJb^l 
jjo jujuJJ jUJLS ^jLxuJl . 1 atm = 1.01 x 10 5 Pa 


137 








lj 60 °F 4_^LJLS| *JjjJaJl JLLP 4_*^JLLjJ| oUL_Jalj| 

<j-?i 4 ^—^-Si ^LiuJl jL*Jl OjjIj ^jl>il 1 -u-I .atm 

JLLP jLaJI VSC cJj jJaJl JULP jLiJl 

• VSTP ^j-^jjLjcqJI jax^gjlj ojl^>Jl 

^ ix-iSl l^vaj yd pJ *b4 jj^£ SjI j>- 4.3 

pJ lij . 90 °F jA *1^Jl ojl^>- L*j~j 110 °F ^ 

t2m Oj^tvaJi jJa$ <jLSj loj^waJl c ^>aj 

j^awjl S^13 54_k—I jj ilicJuJl AillaJl jlJJLo 

. BTUj (J) J^JL dhU-J^ >.£L^6 apUIj jjk Jlj-u 

iJLi^Jl iJL^Wl y^,~:il ^Jl (I 3.5 

vrjL-LiJI J-Jj JJLo t a^JLjJI oUJ>JI ^ jL*Jl oL^_£-«J 

{Gas Processors Association jUJI <^jI>JIa-» LuaJ JJ j yJI 
p. « a II ^ J —>«■ : ^1 . Manual of Petroleum Measurements) 

jUJI oU)£J Jj^-Sai iJliJl SJU^fl y.A-:II 

! JjJL>Jl JUS'N 

(Hidvd X ^j) ^J ... £ Jl J* y * >■ ■* » ? . I t 4,» . 2 J| jUJI 
(//V) oj ^uii (// ldcai ) ynu 

(BTU/ft 3 ) (J/m 3 ) 


0.0030 

0.0 

ui 

0.0042 

0.0 





0.9115 

1009.7 

ilv 

0.0510 

1768.8 

d\ii[ 

0.0157 

2517.5 

Qjs. 

0.0038 

3252.7 

iA-iJj-i - jj-J 



(iso-Pentane) 
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0.0049 


3262.1 (n- (bL-jjj—j - n 
Propane) 

0.0020 4000.3 (iso- . jy\ 

Pentane) 

0.0020 4009.6 (n- b\ : » . -n 

Pentane) 

_ 0.0019 _ 4756.2 (Hexane) jL_£j> 

.--SjsIL jUU aJUJI 4JL*-)fl sJt UJJI tf* ^ ( r 

?(t) <> oiJi 

^ (3.6.4) JljJLil ^ j! 6.3 

.(3.6.2) itaL**Jl ^ clkjuJl i>-^<Jl ital**J ( y>- 

^jsl\ ^ i 9- a/2 1 1 ^ jI j^JLSl hA^^I ol ^**^1 7.3 

X = 10.6 micron = 10.6x10"^ ojJLi j -* Jj la i (Photon) 

isitj wy **-—^1 

6,000° LjjhSj 4^iu ^Ja-— Sjlj^^l i^j^ 8.3 

i>-j^ ^J-^1 jt—Jf' J -0 ^ iJLxOjI iiUaJl jIjULq Lo . K 

.ol jJIj cUbjU-J ^Ip ?6.000° K ajj!^>- 

•lSjIjj>JI J^L-«JI ^ ^JUI ^JLJl j_a *L«J| ol ^ j-i il (I 9.3 
<^jjJ J^La_» jIj p = lg/lcc ^ *LJI oils' ol ^ y^\j 
Ojjl jiai olS lij .(jl JJ ^^ 11 *-. 1) P = lcp ^ i-^S^LajJl 
Jip ^Lk]| jiJliil ip 4 D = 1cm ^jl^>J| J^LJl 
j-j-p . N— 6000 JJLp ^yj |j l a I ( j_9.-Liil i_pj-u*j N/^ — 2000 
olJL?-j Jj_>- ! . m/s oJL?-j_j ^j-JLPj^Jl ^J_P 

.SI ol Jl?~jJl ^Uaj Wjl VLjJjl 0 ^joIjc«J| 
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JLiP f-LJL! J 3 JI 1 JL] ^jl j >*Jl Jjboo (t_j 

>loj jijnii ^ji^Ji juijvi Jjl^j 1^=2000 

10° jIJjLqJ J>I^J *LqJ| ojIj^- 4 ^~J^ <jl Nj^ = 6000 kAlP 

<JjLajo > .4190 J/kg. k ^ ,UU ojl^>Jl olj C 

.J/s ^JLSij'yi 

^j-juJSH ^ illjL**l fjj\y>J\ jjiJLiJl (Jjbca ^—^>-1 (t 1D.3 

iJl^la^Sfl Jj4j .0.1 m La j L j i a ^ * t j 2 m L$J j_k 

Ja-u-jJl ojli^j* JLLP 1 c_Jj-la-Slj 200° F 

. 60° F -k^Jl 

^L^j 4 jI jJa-ml ^jlj_>cJl jjJjJlJl (JjhA^o L .* *■* > -l 

jJp JL?-I j ,0.1 m La j la £ ./a Jj 2 m Wi> ^ui 

ojl y>- i>-j^ JLlP jj-Sfl t-ijJaJlj 200° F 4 jI j-k-^Vl 

,(l) ^^>t!L cikjb>-J UjlS .60° F -kx>t«Jl la—jj| 

oli olili J^L>- ^5jljj>cJl JLiflJl Jjl*jo c-— l>-I (I 11.3 
.4 ft ^ 3 ft ^ oJLiLJl jj-l ^jb . 1/4 inch <cl£L^— JL?-Ij 
ojl^>cj| i>-J^J -6.7°C ^yA i^jUJl ojljjJl 4 j >-j* ol (J^y ^I 

.21.1 °C ^ iJWjJl 

^y^L^j £jJ oli oiili ^£jl^>Jl JJLiJl Jjl*jo (u 

^jJ 1/8 inch ^j!j_a £lji 

J\ <y>y*\ . 4 ft ^ 3 ft ^^a sJtiLJl i^Luo . 1/4 inch j 
4 -JL^-IjJI ojljj>«Jl 4 j>-j^j -6.7°C ^^.a 4_aj>-jL>«J| ojljj>*Jl i^j^ 

.21.1° C ^a 
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ll-->*j ^jlSI i^JL^Jl ls a ( j£j'i\ u| t LlJ| 

jl ^Lp *LJUJ| JULl*_j p. «.>>- Uaj| .Lj>Ijl5I 

4^j_>«_Lj|j col^_>t-«Jlj c 4 _jjL*JI ^jLl-JI JLq ojU-^-JI ^u-^Sn 
jl*_j oj_SJl J| oJLij ajjJlSI oljUJl cJLSLiJ c-*SI j-£llj 
^jl>*_j jJ ojL-Jl oJLa .(Big Bang) ^ * la » 11 

oljj-s^lJl JL?-lj «t»» j|j JL?-IjJl 0 jJjJl iSLkU OjLa j^L/a^S 
ja klib wLaj l^Loll oSU~«»ll 

iilkJl : J>jVl <>UL J OjJJl aikJl 

. (Geothermal Energy) 

JiUu 1.4 

^jjo ^j_il LJLjIIj LJl>- oLqJJ 1 44 ^ < olJL^JI oUiljjdl JJlj 
,*L^uaJl SjjL^uJl J^Li-oJl oLJLS oils' J^Sfl oUS'ljJiJl 

o^LqJJ j-«Jl ^~SI Jl UUp v_jil>*i]| J J oU-jJill JJ 

jjtll IJU (1.4) JSLUI I ^1 Jl SdLjJ </ >JJ US 

<J\j*y\ ^JUJl & UsS3l oli&l J O^LJI 


141 



^y> LajI JUJj »l . Bj A ^^jllajLJl J y>- 

d>*M Wj~“ 4jlji«Jl lJu .Juij^Jl ^1 jiU iuSUJU ( _ s l£JI 

y> aoi ;*£ Aj^L>«_« Jj_l?LL o L^Ju^Aj" 4j»_^iLJIp iLnjlj oJ-S" 

.SaUJl 



SjUU yxUaj^l j^t :(1.4) J&ttl 


jjI jA t aj jla . 1 J Lddj tl $jj (^jJt jj^t (jlo| 

AajLL^JI A-*-JoVl .4 _^jLjJJ^S\_ woJl A-jLUJI A-a-Jo^t ) .Ja.xJl jl_>tjU^Ll 

ujuji iuiVij ^^Lp 1 <JlJLo 

.LujJLj 2.7° K ojljj>- 4 j>-jJLj c_j3_jjjj_^^o ^A 

(Amo Penzias and Robert jj^Jbj o yjjj jJjl cJLliSl 

^La JL^J 1965 ^Lp ^ ^iJL^Jl o^Sfl 0 I 4 J Wilson) 

.0^11 j»J-P ^ j % ,Ja« Jl jUtAj'hfl 

* 

SjLoJI ( j» J i_ji ; iS' LgJ ^iJI c-t .,Aflll j^b-aJl jJLj 

jl\ ejjUwJl >LJI Jl Aijli> Lgjt JjSfl aIajJlJ 

(Eta LjjK bj| Ji* tAjjUJl |»Jl~JI .SjLJI ^ Aili^ Ji! ‘jSy LgJ 
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<tjJu>- <JlL=I t(Horsehead Nebulae) oL^»Jl ^j ^JL-j Carinae) 

Ayt-s^j-sJl oLljJaygWl jLi i C^ijJl JJJLj ^^JLp 

S^UJL! ^Ud]| ajjLaJI o^Ul 

<JiI jlJI S^LqJI JjT ol ojj j-^aJLi y*Jl 


Lq*J U>lV? C.a -J 4jLi£j| 4jjLiJ| 4*Ju£ j-«Jl i^J>c^J| ^ySUCJ J_>ijj| 

OjljJ <jj jJl c5j^l jl>J a 5It I4J c^Jj ^yiSo 

^Jaik-d ^y]| dJJjj .wdLJl ^ j-oJl iuiL>«Jl 

^t_^va_j ijuiUJl Aj^-Ju c_oL>*J|J jjJl jiLllJl ( *jaj JjIjj 


ojjJl j-a J-JjJl fL$Jl o^_SLflJl j| 

iJliJl A_JyJl ^ ^yLj ,Uj-SL!l ^ SjiJ jJL^Sflj Ja^-uSlI 

J^ 0 cS^ <y>j 

O^Jj^ • {£ jj-^l ^l oJbVl o'^pLal] ^-nL^Sfl ^3jJl j-A jJ^Jlj 

jL>Jl <jL>t ^ !l y£jjo Ljl^o jL>tjoJLij yy^jjJL^Jl ^jo 

iiltJlj ^jh .>- c .a^a! j yj a! a ^ il yjj_£iJ 

LjIa 

a At l i ^ ^ aaaa J ^J 1 jJL^Jl L^-j| 1 ■» S ' t A^-L-oktL 

<yJ • •j-^ *l*jl tijtJl y^j>Uj-Sl ^y> Ojij Jy~ 

4 la * */? itajjj J-°^4 t ^aj>-jjJ a ^ il <jy>- aJU^P *Lul 

jSy ojly>- A^-J^J txv? pv2J CAjLjjJl .Ajjly>- Aj>-J^J 

_ ajj yJl o^ipLaiil oJla y^JLjJl (3 y>^ *JlJJ ajUS 3I Lu y^Jlp 
oLUp ^xIaj _ Jy>- 

Aj j jdJ I ^-p ijilj I A ,^^)A*iiAApli^]i^ JU JL>cJl ^J-^0 

• Jx^ailiL AjjyJl A3IWI Ajlflj ^ Lajj.5j 
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_ ci* 2.4 


* m 

oUJJ cLoUJl 1.) jiljJl gyU Uo 4 JLUJI LLjLlsJI pJLij 
y dj-ySi jUil y ^7lJ IJLa .j^S 3l yp atajl LIS' iJljJl 

(Immanuel dJL£ JjjJUjJ yLjSfl cJj^JLiJl Jli y y»*tfl 
oLvs>ljjJl pJLp J3 y J^hj yj 1 1755 ^Ip y Kant) 

_ di£ Uu>yj . 1796 ^ Lp y (Pierre Laplace) y^'bf jU y-JyJl 
jLiJl yo 4 jUl^i yo ^LlajJl <jL jj-v^j y* y^L^ 

£jJ>J| oLj yU I yb <-U>yJl oJLa jlJLo y jj Jj jLiJlj 

.^ <r *S' t^^>c^Ji j t^JSLdD 

CjIJLaLLo y^LW - ddS Ly*y] U^pIJlSI ikSfl ys» y jj 

(Infrared Astronomical y^Sfl d^*J ^^SULaJl y^U^aJl yJLJl 

* j 

» L « J l -*J 4 -L>-j y ^pUaII j^jill li-tA (jj-Li?i • Satellite (IRAS)) 
yLu /yllll o25 y (ojly-) *lyjJl cu>*j y> iAjUL! 
(jet ^JjlSI yL>«-<»J 4 -a_jLiJI yLSjtJl 3LjSijj . 1983 ^Lp 

*t : SI IRAS ^yLLvaJl ^ » 2 31 oLi t Propulsion Laboratory) 
yJl yy>Jl jUJlj jUSl y IjaX^W y I^S Ljlp . . . ® 

oL iU-iiSI US' .. . jLo ^ydll y yL*j 

4-uAl— 650 yU Lfryajy tojjUUl *Lj-Ul L-oUl y JbJbJl 
LoUj eyli!l <JUy y U Jj- cJSUj Loj->J ^jb c^yjSfl y 
(jet U*Lill o4 .6 d« 1SLL Ljip 

IRAS yU*Jl yiJl oliLliS'lj .[1984 t Propulsion Laboratory) 
I Jj- 0 I 4 JI oliLllS^I y 0 jLulB ! ^yJcjJl J?UjJl ^1 p 
O^UJI oliLllS'l d-JIS y>l 1 ^ il yiJJ y-L^I oj A ■ li <Jj-j (J*>U- 
26) (Fomalhaut) ojljJLojij (Vega) UJ y-«jdJl Jy- LJUaJl 
dj Lj LkLiS'y 1 d« a J .. . (^li yil ^-[p t *^ 5*0 4JLk* 22^ 
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J y>- Jb >-y oli LoL-l^- 1 <jl ^^Ip JJ* Jji 

.[1984 ii1jIj3i!I ^jjJl 1 ■■" ■■■' | jJt- ^s*j 


tolljj^-j . Ajji ,_5jj i£j>*i ^>*^1 ijri 0^ 

(Hester, [et al.]) Ojjj-ij jLJJIb ^j» oL-ij 

90 OJ .[4 JWJl .2001 .(Taylor) jjJLLj *2.14 r -Dl .2002 
</ 9j .(H) ^jj-L+Jl tfjJ ^ ajjJJI tfyJl ^ L>& isJl <y 
tSy ^ ■». t .i ^jjJl 4 -JL^ . (He) 1 1 c$y <t-o0l 

.(Na) pj_o j ./i l lj .(Ne) O j . « i lj .(O) ^ . >r ... < S?lj .(C) 
.(Si) 0j^.l.—Slj .(Al) .(Mg) ^ j..-.:pLJI j 

.£j\ .. .(Ni) J-S^jJ \j .(Fe) juju>JIj .(Ca) r ^JLSJlj .(S) 
Jjlj .(H 2 ) <jti 

.(NH 3 ) jiLljJlj .(CH 4 ) 0iij«-!lj .(CO) O^j^^II JL—.51 
.(SiO) 0jXJL—Jl .Jt.-fij .(HC1) dLjjJLTjjJL^Jl 
.(S0 2 ) .i^SJl J——si ^Lij .(H 2 0) .LJIj . (NaCl) 

. (KC1) JujjJ5j .(H 2 S) ( j i ^-jjJL$ll 

(CH 3 OH) J^Li-Jl ^ -^>lJI ^ ^ UJuJ ^^Sll 

^ Stf ot .[(CH 3 ) 2 CO] O^L-Sflj 

hjjuA\ 0 * lj* ^yry hy**^ 

Si—>«Jl sLij ^.ran.ll ( yj> jULipVI ^ Ip ^»«-i JlS »L^aJl 

1 £ y^*-t 9 .5.5 — dl l 3 I——. La5 .^j^jS/ 1 c—5^5 

-4* A All 4 ^oLJl ^jjo oLula?- Jp ^^Jl i£jJl jLxJl 

^-p ^1 ^jja 0^^JlSI jLjJI oLJlj 

4 jJ_^ a_p oL-?J^o iiLs^VL> ol^JL^Jlj OjjjjJxJl ^jJLo 4 jJ_ vi_p 

^3 4-^3111— ^UajiJI ^3 ^lj-«Jl ^0 jJL^ajO ,4 jJLlJj>-j 

.(Nucleosynthesis) L»^ 
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o L>^| j-aLJwXj JI L^ l 1 j t ^3 1, ^ ^1^. ^ 11 Lo^^j 

&> jL JjVl JJjJI .^1 J^il jJllJ _ cuir W J 

y^jJ* ^3 £dj < S\ j£i I oljlJla |» 1 a»» .<*_a£"I j^Jl C-*lj|jLo C->IJIaLaLo 

j-a (Ecliptic Plane) jIjl« jlJU 

Ja^- . ( 2 . 4 ) ^3 ^aa^aIJI ^jgb&j ^i-xll 

^ )) ^aa*<»aAaaJ| jIJLo i, J^Jl ^ 11_X>J |^Jaml4 ^*^aJ 

c r -S'lj-$Dl jJjJL c-^Ij-^JI Jl*-j 1 i I jIJLo . (Line of Nodes) 

Lljjljj .^a*^aSJ| jlJLo ^ y~+* ^1, 4aa**JIj A.a^.alg AjjIj O^jLo ijUaP 
L<»aA ^jaa-Qaa!wJ| ^ JLaaa- 0 yJ yJLl^ ^jlia-P 

. jjjJlJ a5>-j3 17 j ^jUajJ oU-ji 7 ^]|y>- 


fc« 1 . - {J“*^ JJ Aiaij L_!jiai 

J 1 UAJ /_£ jJajia 



u-aSII Cf. Aiis jJ ..' < J u i^J 1 *** 

(Aphelion) 

jiXa ^JLulaj l_l£^£ il jlXa l(2.4) (J ^ y a li 
C«aS 1j^Jl oljlJbo Oljj.3 oIJLaIaLo {jA ^y Li ^ytill JJjJlj 

LoLj Lfe (J ^JAA^aaIJI jjjj .^AA^aaLII ol>*j! | <AAAAliL 

^^aaa^aIJI ^UaiU aj^jIiSI 4j^*a*iJI 4_aS 1ySGl ££*a>-j ,ojljJi!l ioljjJl f JJLo 
_ (JLj^XaLaL^JI olliL^Jl (JLiLa .^aaaAj ^aa^aaLII OijJ-3 oL^Jl ^3 jjJJ 
jlJLo ^jjLaaa-« ojj.A^ g.^t-^Jl oIjIjuJIj 4 ^jIjuJI jljjjJl oL>tj| 


146 





jLp cJLSLlj ^£JIj ^*t> jI OIj oL^j-^j - (j-^till 

•lSj^ jlJU ^ jjJtf 4 ±jLp iU— 

<^S\j£3\ aS y>- ^LJL (Johannes Kepler) jJLj> y>- ^li 
(Tycho Brahe) ^Ijj j-SoLj o!jl*LAjq Lq JLi*:* 1619 ^Lp ^ 
^jJljS 4 j^W jLS c ^jajJ-JjL5I £jaj jS aSj>t^ 

:^S\j£3i aSj> J 

jip ^ jIju 01-1 

^jfldll ^jA oJb*-lj SjJj 

t -.»*■* 1 ' ^1-01 «*■*>» l l jli-Lfl ^jIj — 2 

j£1|j ( j— t j*j ^Ul Ja>Jl 4la*-l^ Aj>- j«-»»1| 

,^*/2 ll ^jjOjJI ^lA L^u^ImJ 

J jp- <-*£i T t £jjjJl ^o^Sl 4 «J^-ljll SjjjJl £ja j - 3 

^JaJjJl jlJLoJ j^Sfl jj_>*-<jJ| i—Gt/a) a C^' V un illj 

.«-Sjsai ^ui 

jjj j>r7.»ii ( *^«j 

jlJLaJ T (_jjjJL!l ol tdUJL ^LJLSLy .jJL^S ^j-JljJ 

:'M Jwi <^j^l 

(4.2.1) 


r = 


2/ra 


3/2 


V^S 


ijjjL>*Jl C*jLj j-A Gj tj^SSlI jj_>i_«J| t_tf ./a i j_A a . ■ >■ 

0 jjLi! Jtr^ ls* (4-2.1) itaL**Jlj ills' m s j 

.dJWl jLS 

LjUJI ^loUdl 

V LjjSf jl>-I jJl ^ -- ->-11 ijjJkj _ i" - * S jj 

_. s ^j 1 ^IjLaJIj ,*—j Lb^1.^j t^JLkij 
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oLjjJaJ ^ jJLj ^ oLjj_laj JL?-I jJl ^ ^>«JU 

L ^ */a a ) i_j|^31 oj5o v-jLJpjIj ^ «->«Jl 

^ y? 4 c)l a.^.1 I jLp «3L ^jU^. a * **1 4^iTs' 

(Georges 0 yy y ^-Lall (J^p ^yil 1750 ^LxJl 

jjj») ^ 1 1 l ^j ^ a* * J I c* 1 ^L«j oL de Buffo n) 

0jJL?4 4j jJalj j^-l^L-ki 4_*-aL>- ( y jlil ^-1 ^JLojj .<_JJLoJl J^Lo ^aS' 

JLii c 1905 ^Lp J> ^S\j^i\ J5Ltju <ILclJI <ylij| j^JLJ 
OL (T. C. Chamberlain and F. R. Moulton) o y]y>j 
•L«^>cj ois' (oj-®j-f 4 LiL ^ ^^L!! |» 

C-a>*a-J AjjjjJl LiLJl ^ j-i ^ j-fiJ 4 1 A ^ , /a a 1 ^0 0 L>cJ <*-J y$\ UK* 
oLq^ ol JLfll**Jl yj .y>-')l\ y >cJ y JS' ^ Lj*j>*j oLo 

£1 j-iJl .^»/Jl L^llg y y Li Li I CaP^IjI S^Ul ^0 0 jyS 
4_>t-jlj ^-lA -q.^ iW1 4-Lkjil^_) i^lSLj o^LJl ^ <*j a ^>*-^1 ^jLaJI 

.4-aS1j£]| &olLiLJl 

L^ yawi y L*jI j£\ jl ^AA^Ji yj ^LalJl aj5o CajI£ 

p-L-j>cJl Ll*LS[I 4-jSf I 0j5o jSf LoLj (JLl^N I oJLaj ja 1 *j 

jl IJb^ a ja-aS^ 4_jjLa-J| pL^*tfl ^j-aJ oUL^JU .^jLa-J| 

^ Lj 4 j-a-iJL! < 1 jjl>iJI oLljjJl i y L^jI y$\ JLjl^I 

iOLaJJl L?j^aJl ^Ijj Ub^-vaj^l yi\ <j^LlSI jjJ^aJl L-lj^ OJLSS 

^jSfl J-a ixlaS ^iljJl y y j+jA\ OL ilSlSJl 4 j jialll ^pJIj 4jJL! jjI 

iJLbj . 2 p^>«-s^ ^ 5 jLa^ p-L -*>*j Ipljlfl^l Jbu ^Jp AjIj 

^Lyflj JJLo 4 4jjL-laJ| ^L^-Sfl ^aj oL^LaiU iij jjui ^y \ <JLo| 

^sUl La. 1 . NGC 4039j NGC 4038 

^j 4 ^j-^ L 0 j-^-Lo 50 ^j-p oIJaa_J 

Iju .{New General Catalogue) JUJL>Jl ^LJl ^ j-fiJl y yi 
L^-^l J4I olipj-a^^j j^AjjJI jiLl ^J-H-SI 
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Jv*l jj • (William Herschel) ^LJj jdyj| UVl 

{General ^JU*JU ^L*J1 jJl Jj J. <. xJl (John) 0j_>- clj! 

(J. L. E. Dreyer) j . 1864 ^Lp ^ Catalogue of Nebulae) 

. 1888 ^Ip ^ JbJ>Jl ^LxJl L jjo 

p. <IJjlSI <-jSfI e-LJLaJl <Jyu V 

LqLa Ijj^ c-ol Ji oLJ’Vl ya JbJbJl ol 
- d*i£ 4-w?ji Lo I^Iaj jL ^ ^.<Jaxjo JLSIajj . 0^£31 ^ 
^JLj 01 IjjU (, Llf>- /y5 { yj^ jj| ^ylpj 4-jSfl dJlS' 

^yU>JLo 1 *»>« 11 |jLA 1 **> t 4-^JLp O^' 4 j2-*J| • . i 

<-J ^jJl ^j-Lp t(l-4) 

^J^JI oiL-Jl j_a pjjL-Jl jU c^Lp 

jl £_*Ij ol LoJ t_j^Jl ,oy>*jo p*jJL-Jl JJj>tj j ^j->«jJl 

Lliv?j JLflJ 4^31 ^j-Lp JLoJLaj |0_A_j i i yo 

oLsJl ( jp- ol LaJLIP 0^£J| oLiJ 4-la^J 

I J-p j£j ic-*S1j£U 

u-fljsai jSLiil ^>JI (1.4) JjJL>JI 


ijJ-l 

j ■»rt«.ll 


JSLlsJli olJ>mil I-Lj 

01 IjSMI OJU 
(Decoupling Eia) 

i- OjJu 15 Jl 14 JJ 

^ 


<iu> o jJl 10 Jj 

y> jVl) 4-*>*Jl ^ i»l>**-Jl L jC.t:7 


*- 4.5 JJ 


4tf.:wll sLi-l 

(Archeozoic Era) 

o* Oj4j 3.9 


ajjjJi sU: 3.4 

^^jSfi Oj-^0^ ^ la* .<i t t jjj .i. ii j jJl!i ijj-) cs^~ 

frJj *_a j^J ix^.1 jJl e jk* ]| Cl-J>T_w? IJ . i j >rL.^ ^jo Wat 
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1 i /2 9 ^ j) l a * ^ {£Ol * la * *«* < «0 «la ll 

,^^-jJjI^j ^JL5j Jif <JLp < j1aj*J ^Jlll c-aS'j^JLj Luijjw LljjJa 
I^aAaJLJ a^lj *I t_-jLk^LtJii^-■ ^L*i^lI ^ 1 .<>-»Sr i iI ^jJl LaaS^qj 
oUa^boJl <J^L>- A-JLpLLj ^ jjJ t j T i>jSfl £cJaA* ^jJLp iuiUJLS 4 i. dial I 
U £t^IjJ 4 aJLmo 3| <^>-jL>iJl 0 j Adll £jp ipx^lj 4 jJj O^^JJ 

4a5^^qJ| 4aa* ^J^I^I^aA^I jLllil 4£>jlj* ^a>Ia3 ^ A I ^ 

oL^Lill oJla .ijjjjJl oljU^'yij 4 _avs>jS[I Jj'bfjJl <^UI 

(j® 0ij^iL >0 ^Ap rt jj ^ It.la a? iJljjjJl 
^j> 1 a,I,aa> i ( LiSjIJLq jl ll I^Iai ^iJl 4 jjJLJ| oJ*j_>-S[l 4 jL-h^j 

J^i\ ^y> <jv 5>L« ^1 ^Jl Uajl 

jl ^L^aa^ LUJI fj^>^ jl ^ ^^*£11 

Qj*t> a ll ^_9 jLiJlj Ja-ilJl jLjI j-^>- £^jIj-J 4-mljd 

4P^-o^caO 1 ^*1P (J ^A^a> «J \ ^^a!I o jJb j^Jl QjIimI-^Iaaajo. ll^ .4 aa^^S|I 

^JLo ^lp J-l^j->*-ll *L*-Lp JLj JLaJI a]q*l *|jj 4j-*ijLo-«J| ^JjLa» jJl 

iijjL>cJl ojj a/a ll Lj-JLp ^jJaJ ^L>*JI S^LJI ls a .jjJLp sjlp 

• V^ 


.O^b y>- l5 jJ>*-Zj jLJiJIj jLaJI i yja 4_jL>«-hi jj-s^a_Llj 

Lo ^JLpI Oj_So 4jL>«-l-JI oLjj-^jo ( y^j i-uiL^Jl 4 -^aJl) c_jiL>*_iil 
t)^i c <jL>haaJ| jL^j-51 

ajL$jJi ^ ^laa/ij 4_jL>i^aJi (c-J) c^ju ^ oji ^>«ji i*ju£}\ 

jJjj ; ^jj-Jl gLijb^l oLJU^ JU-.tW <jLi_$Jl <-J U, iJLp 

iJjSfl C-aS'I (J^- J-gjJ O^Ul £-0^>*J jl 

Ujla_j 4_a-^J jLjJL>iJLj ,t31 J-SLi .(Protoplanets) 

4J&A>c^il^ 4 j^jI^ aS'^>cJ aS < ^>«JLoJ| 4jL>caaJ| ^5 OJ Ij WI 

c_»Lk*Jl <jL^j ^3 ^_walj <Jjl c-a£IjS' Jp j^j>»iJLj jlJjJI 
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L5^ ^aS'jS^I 

i ^j a*.*a1pLqJ|j JbJbJl JjLfl LL-l-J <JLJLj ja£> Lip ( j-« 1 ^ *^a * > Oj-^j 
oJLa >Lr ^iJlj -la-L>«j ^1 ijU^Jl ^ ^ 

«J*J ^j (Planetesimals) oLSoj-S' ^^7 iJLiiSl oUil^i3l 

oLSu j£3l t OjJb^Jlj OjliaP c-aSI 

Oj-^4 ^LL_>iJ| d*--^ ^dSl ^ <wJji!L pda_pS(I jJb 




|Jb^ 


<UJ J$ 


-J iiL-^Jli dUi £_*J dJb>- l^ij 

,^^odJl ^Ua>J| 

JjI oLq li Ll>-jL>- L>Ja— JS3 iwid^Sl <_JLSI i£j 

iuiUJl lawt^flilj ,^UlJl 4Ju^>«Jl AjjLaJI Wilis' 

* * * 0 

£-Ojj L^ .1 LJL^b UaJc^ jJ^j ^cJa^Jl 

tj^oJL«Jl ijjiUJl Ja_i-s^Jl Lajj*- tojl4 j>-j^ U^jI 

<j>-j*j la a y? jU cijLjjJl ,4jjjjJl O^LpLilJl <*_.^-u LjJj>-j 

^jjo j^^aj iU£!| 4-J Lflj ^^*5 pL>T4^ji £j1pLj ojl 

^*^0 ^jUJl j->tj i3j->tiJLjj ,sj^o oli Liv? oLS* ^JLSI c_JL!l 
oLJl 4^^ LoJLS' pL^ai>cJu Sjlj>cJl Aj>-j^j JaJcMflJl <jl <-t>*j 

JtfVl O^JI ^LjJI .£1 >JU j>jUI t‘js*S\ Ll^sSIj i^uUJl 

£r]e ** j_>d <wi_^Sf I j_v?Ll_a_J| i3j_>iJLj L<jJLa_j j-Sj-«Jl j_>d 1 Sj->«-Ij 

<j£^>- JaLij>-^U iiLi^Jl Uj ojyS oLSo j£3lJ ,c-a£j^£]| 

j.L^llj dJUS LkJ t4jLjL>*Jl ^jo <^jLp 

aJL?- ^3 ^j-JdjJl ^o J-Jd? jj I Lo oL5o^5Jl *1 ojLiijj 
j j^LiiSl j!Lo oldiji^l ^ c5>=r ^ 

^yo CaI.^T c J-^jjJL^JI L/>j-i/aj-j c«wi_?-Sfl oldjJj>«Jlj 

.oLSo^S^J iuiUJl 


c-^Slj-SUl ji^du J J ^ lt* 
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^y LT*^^JaiuJl .oJUbLLjl ^ULp^JI 

.o^iij 4^Jli- c-Jj 4<^b C-J ^Aj (3.4) 

^y^jSfl c-J jL Jj^jJl oL>j-gJ 4_JljJjJl oL^LJiJl d— lIj Jij 
c? ^flji-yfl..>cJlj .t^JUflJl i—JLJl <wiJL*_J J ^ JJLn^O ^jJLp 

^JLSj v—J oils' LmSLjIj t^jbu 

01J ♦ JbJL>cJl Ja^JL>- 4 jL £j-I 4_a_3 ^JL>o ^-*_b 

01 <J^d c^JL/? Jj-b ^J-^JJ .JLjL-J| j^aJL*Jl jA JbJL>«Jl 

3500 Lj j2j c_JL!l j]o 3 ^a*/2 jj .J^oL^jL pj ojJb 

dr° (J^» 2200) y»yLS 


<iSU^- J>j ja ^jSfl 0J 

ojL»_p L*L*I ^LilijJl JUajL*_j_j ,(^J^y 1800) j--^°j-b-S 2900 

^jaa-uJl^Lo cJjLJl oj-S0uj .^J^il LSjj y>tv? jAj t cJjL 


4--1 4JL>- ^y Jb>-jj ^LijJl £tJa—* ^JLp dJjLJlj .JjJL>«Ji olSLJL^iJ 

*Sfl ^y-^7 dJjLJl ^yo o0-1 4-iJaJl oJA .o j4 a/2\a 


1: a «. » 7 LJLSj .(v-i«» ^ II oftUJl jl) (Asthenosphere) 
JjL*J 4j^lv> ^Ll jJI 01 cJjLJl ^by 4^LljJl 


.iV <^L^> 


LaJ jAJ I ^ y O^S^ol A Am^^ A Am *44^1^11 ^ ,y]| Jj JL>*J| 4—J 

oJLaL^JI oJLA j . 1 a-*>& am ^y oJL aL-a^JI 4 q*«**I| ^ yA 

» * * 

^SLqj £« ^1 jIj yJl C-aS 1 j£Jl £^LoJ L5^ l*^^ 7 

^y L^jI c,, S I^SO lJ * l i ^aSv**>» 1 4-QiJl> t *-a*^i l i V ^y>c-Jl 

i Jk\ */2 & ]\ ^-jSj 
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(jA SjJuiaJ! (JJJ (Jj-ali 


<ji. Ji\ O^W :(3.4) JiA» 


('^Lwo 19) IjXo jJlS' 30 i5"Lo^j oj-JLdJl Jj>- jJl ^^JlpI 

p * * * 

0o(4.4) .Lu^-flj 

^^1^ LSLJl^JI L^Lwwl 4-jLu I j-iJl 4 j jLdJl o j^JLaJl 

4j jLdJl ^yj j-JLdil C^Jj .L^wuJhpL<»J!^ l^«-LwwwJl ^i-P o 


J-^LiJl Jb>Jl .ULoll cJjLJl ( 2r° ^M 5 * 

^Uajij'yI JL>-^j ^Jl ^jJLajl oJ^Lil 

,jL^jl>-Ij j-Aj-^JI jl t (Mohorovicic Discontinuity) 
jjjLu *yJLJL c-jjjtj ^jJlpI o 

X<J j^waJl o*>UJl j\) (Lithosphere) 
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m i uiai 



Sjjan :(4.4) Jixil! 


.0^^JLmJ! ^LA^Jl A} j*jLtji jJlUIj 

ii\£ jS\ J* ijj^jLJJ] £$LL^JI 


ijjlJJl L$aJL>- ^y* I .^i-^jJwJLww'yI 

ool ^3 Jl Oil ^j-flJ L*oL>- Vl £cJa^> oL^ 

JiwJ dJUi ^3 L»j L^-jLo.^*»j ^jjL^j) L^U3| j& jjjb ^3 

^^jVl ^1 *Lj ^yi ^iLaJl JaA^Jlj .4-ji^tJl jjjJj oljLaJl 

iiliS' JiVl a^^ +&.*.Ab 11 aiLoAJ t ^ 3 ^A +&• j f | ^£il 

Ljr o~^J i^jVl 0jJLlil oLpJu^lJl oJla ,y>tJl £li jiJuJL 

.(Subsea Ridges) ^>*Jl £15 olj>- 


oiLJl a I 4-j ^2**—JI o>^tj c-9l^^«-Jl LhA> aJ! ^aaj 

* 

o^-JdLLoJl oiLJl -jL>" ^5” ^1-P bb'^ jAAjI 

cJLS' SiLJI oL JjLHJI ^1 jJI Aj iiL>Jl c-JL>- ^^Jlp 

* 

£-o .iiUJl jjj# £jUJl j^*j L>*-»jAJ cdj->tJ LoAAP a J ^ ^.La 4_!L>- 
aaiLjl JA-Ii 4^^llA_<JI oLj j^LoJl 0-*LS iciLjl aij jj 

^JJI cJ& jJl ^jb ^^^liA^Jl JU^Jl i-«ia3 

oUaJLo^U ol j!3 aA-P Aj A->tJ Ai j ,JLo^>tAj eiLjl 4-ji OjIS* 

.l^JLo AjAj>*jj 
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JUmJ jUiVl ik-J* oL-LUl 

oJla (JL^ilj .oljLflil 4 1 ./g LLi I ^jJjJI ojIjo 4 .. .AjSfl 

^t-ji d 4/3 II ^ ■»-» j ^jLi^aJl oJUb ^jI a*/? ^yl_p *jJLvJl 

i-Jj^SJ yb Lj-SjJL* £j*t>y>j t (Tectonic Plates) iJ ji£ill 

. (Plate Tectonics) ^jli^all 

^U 8 1 .^ 1 A -fl _J ^ ^ ^ ^ J 1 .» 1 ^ | ^tJjL J r J ■«■ A M * -■ 1 ) j ^yjLp 

jijlaj c-A>tJ c4j^LJ| ^jLj JL>Jl jJb L*Sj .SL>JI ^jjIj 

jli 4jAiu-jlJL!| ^Jjlj ii\j>- ^ySj .CUx3j ^yJl V^jljj-'b'b ^yljOj J—JL-J 
JbJL>cj c-J jJu 4-^-Aj JLp IJL<»JL*j ^yLojJl J-l-JL-JlSI 

LpljuiJ j +*}\ JjJL>cj juiajj . (Radioactive Dating) 4 LpUJJ ^**11 
.4jjJL!I ^ypLx^iWl J* Liill ^ylp 

^yplx-kiVl -t Lilli jU tjj>c-s^J| JbJL>«li <JL^i J jJ ^ylj 

jjb ^ypL^Wl J* Llill .(jAjSfl <j-kL iSLW ^-Jjij 

. Jbil J—5JI 

^Ui>l UiJI 4.4 

^ * /3 * * l i *a 1 j a /2 a P ^1 oIjj ^y9 d^bjj j^^Jl ^ht_P ^ 

LoJLIP jLlalll ^ylp Jj*a^ll .i^j-Jl iiVjb 

wj| ol jj ^ £jlaj jl L^l ^kbcLoJl OUj y j^lll c-»Uaj 

pjS o^txj oLjj j-jJl ->JlP jlilll <^jJL>*jj 

Liil oL*-LL>~) {*j a! a ^ il ^jjJ ^ jjill ctjljcJWl J-o-kiJ SljjJl j^Jti l 
oLjj-jj-iJl jl <. ((beta) Llu oLk_A-Lj>-) oLjjji^JVl jl t ((alpha) 
4 jI j ^ la ill (JLSjj . ((gamma) LoLp a_*-H ) iJL*Jl <illaJl oli 

4j>tjLlll ^LjJI j . 4_jI jj ^yi OU jj J j-Jl ^JLp j-JcLj Lo jllp LpIjc^J 
.(J^LP'c-Q-s^V I ^y ■»*■** j ^ypL>CfciVl I da**|jj 
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4.P ^ .£>\ (Jji_«^o ijLi t -LjJ-UI g 

^T ^*U I t ** ft I I ■■ ^1 li dkip ^1 LaUiiLL *j ^“- lA ^ ^*P ^ 

i-JL«JL?-l £jjjj jl) ^^uiSfl JLaJ^-Vl £j_jjj ^1 Jj><JLl>Li LJL&aa dUS 
*(* fltiAi i ii ^l l a > **— > *)i ^.ap N((^] ot .((Poisson) (JjjI^j 

. N(0) ja t' = 0 ^1 jlip oU-liU JKil aJbJl j t' ^jll 
t' t’ 4Ju»jJl ajLlil <_J'5^j»— jl-»- - A - li oLa-ul^tll AJLp 0Ls iJLlUj 

I jA + dt 

dN(t') = -lN{t')dt'= -Adt' (4.4.1) 


>s j-oj oJb>-J (J^JrA./aV CajIISI (JLaJ^-'yi % d.AJ- 

,4aAaJI ioJiJl J?Llj j-* ^4 = XJV(t’) i_j j+Jii\ 

t' = * t' = 0 ^ (4.4.1) 4-bLft_aJl ^ J^LSLJI *1 y>?\r> 

•uk L. (_,1 p 

JV(0 = JV(0)e ->i (4.4.2) 

Ji*r (4.4.2) 

'. jA (Jjbuj 

dN(t) 


R = 


dt 


= -ZN(i) 


(4.4.3) 


P „m_ e -» 

' ob 3 - TT7TT - e 


! jA f Jip sJUkLtuO (JLnIs-lj 


N(0) 


(4.4.4) 


jjuftjj .jA \jJaJl £jLlI t a .j«»jJ ol_p (4.4.4) 4-i^l > a ll 

iJU^VL Jiis*^. V ot Jl SjLiVl 

JUi^l (Nonnalize) ^jIju ^£JI oLj^ JL— 

. 5 Jaii up\jil\ pj>«»Jl (jlp 
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LiJaLijJl ^^LJjJ <^JLij>cjo ^^ajL5jo jl>-^j 
^jlp j_a 4_La_*J| k LU j .ot-l^Jl ii-j-wJl J*LLj (4.4.1) 4_hL*-gJl 
.(Curie) ^LLj ‘V 15 

i-ljd yjJLjljJJ IjlJL^j <, Ci LjJ y* j-i <- <sj sjl>-j 

(Pierre ond l$j^j y*Kjy]| y*jL^*ji]| ^ y *i J^L^JI 
J^J 3.7xlO 10 ^jL .j c 5 jj-^ ^\jj .Marie Curie) 

o*y^i>c-o-s^*y I ^JLp yp oU jJL>oo ^JLp Jaii ^yL>«jj . 4 ajLj 

.SfcUJl 


4Ju 


.aj^><> ill **.ll jlJUi>o (Roentgen) «.^i $ 

oJLj^j C^JLp^JLl^Ij ^ - ^ H j*/2\n ll 4 -Ll? oJLj^j 4_>«_jLlS| 

1^1*^ 4 A A ll 4_*-k^^y I Qi |M*A^!» I IjUL*^) ( R 1^1 9 t I 

jj J^ljj . (Wilhelm Conard Roentgen) y-^Li jj *jLij-£ 

<y f iL =*-^' cy r>*j^ 2 - 58 x 10 ’ 4 ■ ■>. 


i 4^Z+.+.]\ 4-lpLa-lSiVI iillaJi jljJLo ^j^JLj ^yJl ^L*-LiWl oJL?-jj 

aa*7 4-s^LoJI oLqJI t 4 a/2'2 ^^li 4^pL*-iiWl 4_Pjj>«J| j| 

tflUl y>5 (erg) 100 L-j alj JL?-ljj .(rad) *1 ^Jl 
1 rad — 0.01 J/ jl 44-^UJl S^LJl ^ JL^-lj ^1 y& 4la^-l^j 4vai«Jl 
4_A^-L*-LiVl \*^>JI oJb^j j-A al jJlj .SI oIjl?-jJI ^Llkj ^y kg 
y^jo olJb>-j ^Liaj jJ* CgS ^Lialllj . (cgs) ol JL>-jJ| ^Uaj 

pllaj ^y 4£pl*J^I oJL?-jj .iJllSlj ji!lj 4 

J/kg <Aa^_^ tGy LjJ j-^o(Gray) <^l jS Jl SI olJLj-jJl 

. 1 Gy = 100 rad j] 
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ol j-ajIiJI 4_*jI jj *J ^LJLo 

3-Pj_>«Jl jJb ^L*-LiVl ^LuLoj .Ot-kiSlI j_)l 4wiJLl_>i^o l jJ0 ^La-ki^AJ 

ipj^Ji i-jj-v? J-s^L?- ^jL-J 5 jJLSL<JI ip^_>«J|j .7/ iiiLSLoJl 
JuoUj .77=Z)xQF 01 tQF S*LL£J| J-oIp ^ 7) i^L^Vl 
p'LljI o^LoJl ^3 4 >cjLJ| 43Hail jIjULo JlP Jjb JLujN ^JLp jjb s*Li£3l 

Jjoljp ^jo bjp (2.4) JjJL>*Jl ( j^i i^Sfl L$-*£I^ipI 

.^jJLjJl Sl^j ^1 Jj jl>JI IJLa ^ UiT oU-ul>j ^o*La£ll 

S*US0l J-ly> (2.4) 

1 Ulp inJilj c <iii .-11 

2 (0.025 eV) < jj \ j >~ oljj j 

10 <JLp iiU? ob oU jyjj{ 

20 Ulf ol »«»->- dlb ^ Uj c<JL5j oIjjj! 

.1.16 JjA*- t213 ^ t2001 t(Murray) : jJUall 


lil ^Sv LjJ j^o ^jj t (Sievert) oiiiL5L«Jl ip^>JI ^LSj 
^HaJ ^3 $\ jJL i—Lio ipj_>til 0015 \>\j ,^\jjHL i^L^: ip j^zi\ c^jL5' 
o jh **~il . (ran) ^^jJLj ililSUl ip y>J\ 0 U ^cgs olJb>- ji\ 

^1 jJl Lol t SI olJL>-jJl ^»Lla_) <^pL^| ip y>J\ ^LJ oJL?-j 

(Murray) t5^jj-° j-^jo * C B S dj|JL?-jJl ^Llaj ^JiiSfl ^LJLSl Sjl?-j 
( 4 Sv jl) 400 rem jIjUL^j 4 JL>-LLo Sjl?4j ipj-=^ Otj [214 4 2001] 

oLpLjc^^U tjj:«JI H o J L l 1 4<Lli 0 ol 

.(3.6 mSv jl) 360 mrem y» ti^kil ixdSfl JJLo tiplo^il jl i^cJaJl 

jSllaiJl 

Oji t L f^ *®^jllaj L$J j-^ILaJ| laaa 01 

AjO^' ^ 12-0^j^5Ij .L§jIjj L^J Ojj^HI 
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jA JLmj 12 ^JLaJIj . 4jIjj ^j3 CjLjj J1 41wJ 

12— 0.oLjjjj j_J oLj 

j^JaJ j-Aj ,4_jI j_J oLj jjjj_*j 4 -JLqJj oLjjJjjj 4 JLl* 4_j jJ t 14 

jjUajJJ oLj^JI oL°j! <j-& pJo .L_pLa-l£J ll 0jjj^Jl 

t}j 2 . (Half-Life) j^p i-Tb/JL> ociiL^Jl 

J * la * ll < j-Ji A A 1 i^Sfl A A + £J| A/3 ) aSj * * 7 ^Ul ^jojJl oLj 

Ll£j«dl t (4.4.2) 4_taL**J| ^ ^IJL^bLuiLjJ 

! <w&h£jJI j^p 


ln2 

>1 


t\j2 = — = rln2 


(4,4,5) 


,4jlA«J| SljjJJ toL>«Jl ia— jZj> jI t j^jJl ia— jZj> T 

^ iwi*fll5l j^P ^oJb jt j^P jJJL5 j 

j^P jjJLSjj .4jjJLv3jj S ^ jj 0 j&JJ 4j jij 4ijjw 

^^pLa-l^I (Jjj? jjjL?-Sfl jt Sj^«-i^Jl 

* 

. LpLaJ.} JbJL>cj 


J1 aujL oLlKJl 14-O^U ^LDI 
LJUp i(4JLl* 5600 ^jJlj_?~) L**—J J-JjJaJl 0 j-^-P 

4JUp iJLlAj jLo^pI JbJL>bJ SJLdLo 14-0 

^SLlaj j-*jjI j-Jl LqLa 

4.5 y*j ^jIjXj LajLo^pIj Lift oLq^1lj>- vijLx*jL ^j-Jljj-Jl 

pj_Jljj-Jl J^L> t * *M gjlj-Ij O^j-Lj 13.9 

^yo JjJjJI ^ jjJI jj4&j 
^jQkP JUJL>cJJ ^jQkP ^jJLdlki 4 jo1a 41 * 

.^tSLa^aJl 4*jjlSo 4 j jjaj jjjiajj JbJL>*l] tojjJb 
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5.4 

LgjtSj L^JLSl oj-ki-fll] jiaL t^cjl^/ail iJ4 j jjaj ^3 

^xlil ^Ja3j ,4xiajL<Jl j^aJI ^la3 c-~J^l! 5S^>J| ^Jta <j^L*P jjJ 

j t jjJLlm jiJUl £t£jlj ^Livail 4% j>- LSJ ,4-<j^> cj 1 il 

4a^uoL1j^ 43 ^IP ^y>-j iijJLi jjJLlj *.jlJLSl £t£jL ^ d) |JLj 01 

y, Xc-y^J> { Js- (Sj^i jJumjSA1\ 

£jLL/lj|J .j-j-s^LoJl <**i 1 ^ip 4-JliaJl 4 ? U1| 

> 

. 4jjla]| 4 *-jLJ| o ^i5j Lo Li Ip 4-j ji£i]| 

i^jSfl ioiUJl JL^J i^pL^ail jUiSfl oL-LS j *jj 
^Lj .oL>cJ|j ollap^Jl iJLi- ( j J &J)l\ ^Ja^J 

J—^LJIj toljUjJl <JLy»UJl ^jJl>cJI j 4-jpH-sAil jLqjSM 

^jJL>J| oJlA (Jl^ilj ,oUa-L>t«Jl <jL*p| ^jA 4_aj3jj-«J| 4*j>*^]| 4JL>«J| 

^Ixjj .(5.4) JiLiJl u* ill** US' toi^lj ^yip 

^ejLi-maJl oJla p. la a aj ,Jaii j^SSfl 4_9 jjj*-«Jl ^ejLL^Jl J^Ail IJLa 

. 4jjlfl]| 4 ^jLJ| ^jlSo 4 j JLOa 


j*A*m ^!LJJ| ^j*>-JLf (jl *■*I ^3 o j ^ .^a^il oLoJJ ^SUj 
Oj^i JL3 JUijWI IJLa .^oLls^JI i y*j O y>- j-*Jl oLp JL/iljl 
^^Jllil cjJLail ^jA j| t4iLJjJl 4-jLS jJl oIjU-AjVI 4la—I ^j 

^S\J*5\ 4 J-L 0 I .^ejLfl-s^Jl ^aJ 4lv»liil ^jJb>*Jl JLlP <AlJjLJl 

jSf 4 oJLl>cJ| 4_3jJO»J| oJLj_> C. 13 cJjJjJl 4 JJL 0 I Lol .1 JL>- 4_3j jJLA 

1 ^ * I | (J jl * / *^i I ^ 4 A A * * A 1 ^w_3 I j ^.i 1 

.^s^lpJl llI3j 
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:(5.4) dLAfl1 


JLj>JI ILJl* oLj jU*Jl ^L<Jlp c_i-JLiSl JLaJ 

^JLp AjjLHJI ^jLi^aJlj jL*^9 iJLoJllj ^jUl cJjlLU 

e-34jjLdJl ,jL>«-Jl oL*-^ iJuJu LoJllp iJ 

^0 0^» 0-?-j-l3l jJj 4 4 _jjLSJ| 4^-Jj>-jJLi 

j]pL«j .1950 |*Lp ^ (Alfred Wegener) 8 ^AJ Juyitf ^yUJSfl 
( v^j joUlJlj .L$^2 j<j ^.llaygT JlS 4^AjjLaJl ^jLa^.ll ^£l*j 

i-JI c5^jhi 0 L 3 tctUS ^0 ^fjuj »L|^f L>^ 11 <JLj>- 

^ a J j-?- j_«Jl SiLiJlj . (_£ j-^-Vl 0 ->«-j 

Ji-Vl Ji V**Jl JU> ^ t^LwwJj'bfl 4-diaLo j| 44i^>tJw<»Jl 

OLi » J-g il 4«-J> j ^jL^^I j-fcj-oJl 

J \ a j_JLdJl SiLo olp| Lg-J pJu £-31j-<dl ^LwwJLjVI JJIpLLo 

t4 j^LS ^IjlloI .^L^^JI 

^lil 4j^Jalilj .^j-LwJl ^L*ijJlj ej-JLdJl oiLoJl ^JJLlJ 

. 4_o^JL^JL j v _ 3) 4_j j^JLj*h jjJUl ^jLfl-^aJl i Jl 

* 

^.xjl ^-2 4_jl JL: ilj L^Lx-^l j_<j^Jl JLjJL>«j 4-J^JLj' ^IJL9*JL»*Ljj 
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^cjjLj pLj o^Lp^f j-j Lo—(6.4) 4 jJI 





200 Ji 

4jjui ojjU 


65 JJ 

<1^1 (JjjLo 



.[2001 ^sa USGS fcSj-J ^Jliuaii i£j* :(6.4) J&Afl 


4_J^jLlsaJU ^13^1 (6.4) j£2Lj| 

Ijlj JSLlJI IJla ^3 ^-lajj^tJl .4-*-4^LoJl <li-» 225 _JI 

a—jL ojl>-Ij aJliS* ^3 *L-*jLJI ^Jau,«1 ojLS* L>J2-p 

i^uUl aJl^JI ol L^jJ j ^\ pUJLp . (Pangaea) L>JIj 

4^(1)1^ 4 4-u^JL^lil ^jLj1-s^J| 4_S^O^-i-^C-ktLj L^>*-jLj 
Sjl?4jJI i^jLJl ^Lwkl^JI ^i\ col ^jI^^.U 5 

( ^ 3 Lkml^j .^^Jl LaI^-> L yJl la * m l l Cm jI 
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A la it t \ ^4^4? jl5 Lj-lLi 4 Lj-sAJ^j £_» Lj^olJLk-^l jl i > I 

oljU^j/l ^j!Lo iy- jij^>- 

4a>*J| ^yil jjc>iJl £^jjllj I jy- c ~ ^tyvaJI A$ y- ^JLfljj «aJL>«J| 

jyJl ^JLp y < jP ybj (Jy- 

.(j^j^jjJUjJl Jp 4jy>**Jl ylikJl y °^W*dl <j^*l t5^ 

(jli tjl iiyJ y yJl ^iJLkv?^! iiL^NL 

l^L 4 j jJaJ LjJ d-*-^j JLi 4-JySdSl ^tjLL^aJl £v?jj <5*y- 
4 4>Oi lip vJ^I^aAJ ^ >Oi 4^3 4 1 4dJl vJ^I^aaAaJI oJLA . 4-LflL lx 4-JLu OjI^jaaAJ 
4aJ y^lJl ^cjI < 3 4 /3 i Ls ,^^J>cJ| y>«-*Jl Ifl 4<* 

y sy jJj*- Jp L<^> ty*Jl ^ y^~° y ol 

^5y>Jl -kp^Jl y Iyjj jl yjULSl Ij-!l c-aa— yj|j 4j yi]| 

j y yojl JLi cjLII y>Jlj oLjLiSIj . (Biosphere) KyL^ ^^JIb 

.c_»jjkJl dJJj ^yl7 LoJllP y?yij Lj_l£J ic-SjjiaJl y y** 

(jL LyjJy>*Jl *L«JLp Jb>-j jidi (ol ^ajcJI ojjb bLd*lj 

,4-*J^Lo dl^Ii 4^444* 37 ^ ^y-jJ^ytll 

4_djjSfl JjJy- y> 4_ji^-J (3.4) JjJyJl yLy 

ja^I 4uL«JLtu«Jl 4dojJl ojZflil .^yjSfl Ie-JL) 4y- jJ jy*J| 

,oIJ^ i IajjJLj 4^ 4»tf a!|j 4-o-l-l^o Cj-AjJl 

^Jjjj ^ 1991 i (Levin) ^iJ] ^xj>-y> j-*^p 4jIJj 

^ ^Js .j ^jlp 151ia Jly W 4jSf [1996 t (Ridley) 

L5^°J -- kd]l 
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4LajbW J(3.4) 


jsy^sjiLiJLii 

s**S 1 

ZJU 

yoJI 

J *< c .^f> 

0.01 

(Quaternary) i- 

'‘J- 

.1_Ji_Jt -.l—J-l 



(Cenozoic) 

(Phanerozoic) 

5 

(Tertiary) 



144 

l£ j—;—M (_j- 

-i— J-» SL^M 



(Cretaceous) 

(Mesozoic) 


213-208 

(Jurassic) jji-l 



248-245 

(Triassic) 



286 

(Permian) 

- i « 11 ; J-l 




(Paleozoic) 


320 

-fj-*- 5 ' 




(Carboniferous) 



408 

(Devonian) 



438 

(Silurian) 



505 

u, ---;-***.$' 




(Ordovician) 



590-570 

(Cambrian) 



2500 

*L 





(Proterozoic) 

(Precambrian) 

3800 

(Archaean) 

ISjVl 



T~ 

-4 — ■ —ll dr-J-Sl 




(Hadean) 





4 * a * *-d Oj ^ 1? 4*1 */fl li *** ll 0^ 

^vaS cJ^j *JJLJS JLaj . (Prccambrian) ^^£11 JJ Lo y>* LyJ 

oLl>kJI oIju .oila *>«-^Jlj ij'iUJi _ r *-t 

.(Paleozoic Era) o>.„u a ll SL->Jl 4_. 3 ^ J*>L>- ^jS/1 ^^JLp j-*zy> 
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.ol j+t ip obis' (Mesozoic Era) ^k,^jJl SL_>J| 

4 JL 1 oljL5Jl JL^ktl L_>cjL <joSw */ail ojLaJl Ay>-\j 

jUdjilL oLiJLiil Ijl 7 j . (Cretaceous) ^^iLkSl ^axJl J^Ixj 
. (Cenozoic Era) jl>*JI oL>Jl dUij L^J I 

o *->^ 1 <y A^jLJI JlS jU t Li^aJl iJ4 j jjal! Lflijj 
JjiS' t (6.4) J^SLiJl ^ j_* US'j .^joJI iS 

<L >-ja ^j .cLJl ^0 4~qj>c~ s ^ JjlSo 1 ^ 4 /a * j s^Lp 5-l-uLJ| 

iijJL>Jl oljLaJl JS' 0 ^>*>oJLjI c^y^jJ^-L^cJl £pls]| ^0 <Ojoq 
J- j-J Lj>iJLj <^j>t ^ !l ojLflJl Oj-fk .L->*jLj ^^.^7 oJL?~lj ojU 

IJLaj . (Triassic) ^L^Jl ^ajJI ^ io 0 ^JLo 240 220 ^1 y>- 

IjLjT p-LJLuJI jl>-j JL5i .SL>JI oLiJ (jL— ^ a_^a! aJ »il 

aJLiS .AJO Aj^U J-*3 O-kiLp ^y^l j^iL*-Sfl LJ* oL>JJ 

sL>Jl sLib ^ja ^:«J| ^j^Ka jl*j cLl>*jLj SjU < oJL?-Ij a^jL 
dUi JLiljj I ^^JLp oJL?-Ij 4ala^ oLtb L«*jj oL»_>«J| <l)t_j 

A^jlobl Jj^Jl j y£> Aj>-L>iJ| 0 <j-« OljLflJl JLp Oj-»tol 

^>-J l£jjjL?-S[I oL Jb>-J JLdi caJLJL>«J| ,4-oJ^-saJI 

4_a_jJll!I a 4 .>* <wi_?-ljjj| JJt^o 1 4 o 1 o,j^JI sLi_>c_Jl t j^o <JL^-kil 
SjlS a-J ojl?~j ^ jJl cj jJl ol j jJIj 

AoJjUl *w^jI JLaJU .L^jJLt-jj iaJil>zj L->tjL Sjli <jL £w?lJJ 
Sjli ol ju L>*jjJjj ,L>»jIj Sjli o^l ^LtjJl ^ 

<w>UJLJ JLa_>- JLjLo (Hawaii) (^IjLa .^L—SuVLj Ljj>«_ILj 

. 9 ^tjL^aJl <*J Aj jkll Aa^oQ IbbJl 


a^ui a-sjj 

® ^j.j^Jl 0jjj.>«Jl® (Kilauea) Lj^LlS^ 

^J^-klJl) ^j-kijJl 4JL>-Ll-ii A_*uij £-5-J k 4 *1 < Ol^jJ 
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^IS^Jl j> W 2 JI jl 4 (Magma) jL *UJl*JI JuU*jj *((7.4) 

olj->*-aJl ^yJl^ ( yj> (J-iJJLj 4 j ^ +<a. * . o . !l 

I f yLp ^_9hX^j Lowl—«—P 4 ^j IS'^j LquO^^* 11 j .-LulS'^Jl 

.JU^JLjj $ 4jU oUa-L>«-<>Jl eL» J ^^.il i LoJllPj 
^yl-p| AjU^JI 4-*3 Uj ^*J>xJl £lAjj! 4(JU>*J| ^JS\-JLj 

.Ojj^- ^lw2j 4jU pli 



.[2001 USGS £i>-] 4 -LkL-J) jjLJt :( 7 . 4 ) 


^yJLp Lj^^aS' (3"^**^ 4»i>-LaaJI jU-o-p JL/ii 


US' 4 ^>*JI ^15 ^yi L^LS jlip ^-j JU>*JI ^ylpl <jJU- 

^jil! j^tll ^jA <LU*1^> ^y&j t^ljLgJl jj^r ^U-U» j^Lp cUp 

^yl| ^Jl ^p (Kure) jj^ 4^jL>-o^jJj>*J| ^a Jjloj 

4jj_*jl!I JUj_*J oU>j-*S jlS *lJLSjJI jjj>*Jl oJla s^aj .^t jLa 


jjJU aJU-^ jSfl ii?-UJl ajuLJIj ,UL>-Ijj^- 
j-*> (jrHj^J • (Loihi) ^jJ e~«— jJj tciljl* j>r ,>• <£>4 
jl ^JjJLjj 4^IjLa ^-o jJJl ^JL j^>*_JI ^Li ^yi olS'jj 
c_jLS £jA U 4 J ^ (3ji 
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ijjJaJ ?lJUb ol j-!l ^-9 oJL?-lj AJL?-L-- A_aJLJ 

.Aib^/I LJ ^JLflj ol a*j 

oL»^J| A^^jSfl 5 j-lLaJI < jj! *J^>- ^IjL* jJ->- OJ, 

JO Aj^ tjLavaJl ol ^cjU^jl A.JAj jjaJ Ljj^j>hjj ,^$lua^*LJl 

L*J C^IjLa Aib>-j ^8 ^LijJl A^j J L idSjJ>*J 

AjlHj ^SLi^-LJl ^r^iyaSl JUiLj dJJ^o jJ->- wiUi ^ 

OL^j-j J^-^- ^ OVl jj-^j tS^I ^LtjJl ^ 11 ajO^L^* 

0^ 0j5ol)I oJla p^pju LpL*-l£| j^jiJI JbJi>*j AxiSj ji jjj 

(j\ jLa djjJl y>x -1 (JLflij'y I ^bjj jj>Jl j** ol oULJl 

• JS^\ Jl c5!j u ^ <J> l> 


Ajj^lSJl all JSLU 

^j-S (jAjlfl ** j-j-P A_aJ j-lSdll aSjJ>- ojlSj 

j Aa-L^P ^JLmj ol Lu^ftj 9 ^1 

j 4 *ja a * II j a ^ a/ 3 !I o^jjj ^>o Aj j->t A/a il ojjJLSI |JLJ ,Ajj_>tv? ojjJLS^ 
oJbJL>«J| j j_>tA/ ail colp i^JUaj aJLq^P Lfl juIj 

^iJl ^ylp Ol LsAijI LftS' t^cjldA^ll aJUpUJI ^jJbJl JlP 

LoOip . ^I_^La Lf^ Lo-liJo t i ^L-n^Jl ^ ^ a/? Aj^-Lk^Jl 

LoJj Ol 5jljJ>cJlj iaJwaJl OU f. I j.A • i £_>q Lfl-s^Jl ^JLiavaj 

^JIj o^j^alo jj>^> ^P ^ jLj-^l 

^eJa—Jl ^yip ^ylll jj^t^Jl jL^aj ^^j-J ol JJ*jj I 0^ 

.Aj^>*J| jjbljlalj Ax^l^- 

JJ->T a/ 3 j| ^-3 ^L^j|j ijOljJ-A-iJl J^p|j_*j| V AAAAAATj 

ojjb Jalj oL^JIj ^-Lj jJl ^j-Sj .jJtv?Ii jJtv^l ^1 Ai 

.(Erosion) AjycJl aJL^p ^ aJL^STI Lj-^l^o ^ oU-«l>Jl 
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f L^l ^ui oL4]| cl> ^4S 

j^-SfI oL*--l>Jl ^o ^4*l>«Jl jZ±j .JLiij^/1 <JU^p *Lul ^ 

<5 Hail IaJLIP otA~p~ iiaij oLJl jl £-LjJl <3 Li? ^JLIj LoJLLp 

.OXo-mli OJLo^l cjL^ uklj^i 1 I jj j .p^uiljjtil J-iJ 5JLS' jaP 

jj>«J ^Ja^j iJ^iScil ^oLivail ii^>Ou t ^a1a-J| fjJuo ^JLp 

Lo^ (j^c_«Jl aj* ^j aa^<o <aa-jJL ^j-fl-fc^SlI j_>cjj ^JLpSfl 

ol ■» ^ * **^aJ| 4 a 1 ^ P «t—J_^L~OLd a«* i L.* a a*^aJIj 4_j j_*_liI ^]| 

v* v l. ^ ^ v-W «>■ r ljsVl o* 10 c j ^ 

jl t^L^il OU>0 L$2jl ol j-*Jl 4 -JLaPj .<jfcU*^lfl ^yip 

^ dJlS^ ^jlil J^kllil jtfl £^>- iJljl jl i4^ALtJl JL>J| 4jj-k-*J 
ol J^JLxil ojljj>Jl 4 j>-j^j iax^aJLi .^IjiSfl C-sWT 4 S’L«-laU Lo 

J y>xj 4JLj*P ^ jjj>c-s^J| ^aOu ^ LLaJu 

1 ^ */2 n i ^ljq 4>i^ JLuo qjI a «***>rJl a a /2 i JOj * (Metamorphism) 

t la * j|j t^ajJl ( j^o ( jO-*- a jIJL-JLq JLa_jj .j-aJ i_£_j jjS I ^Lk-^>-l 
,JbJb>- ^jA 4j y>x^/i\\ ojjjJl |JU j j j^x^a]\ ^yaH^ to j i^»Jij 

4j^j L^^]ja>«J| *UJp SjjjJl oJjb bl^L-l 

s^j^j .iijj>^uJij ti-uj-L^jJij tijjiiii ijjj>*-sAii ^ 4 _aa* l*i ^jjI 
,4jjLi]| l£2j1 */a!Lj oU^xJl o j^±Lq Jl oL*Jl 

iOJbcoJl oLa1>J|j .4ajJLa^o oLaa!?- 4aJ jJl j j_>t t/a j| 0j 

ol^l>Jl j-j-iaj .^jljua c-aa^jXj <jj-sAP j-a-P oIjjJLj ^ 

^ t t (Weathered) L^aj^>*j 4aJiAx<JI 

01a £a*L»Jj 4_a_Ijl*-oJI oLlaJL>cJ| 01a »^ ly lijj .LfA^ly" 
<!^»«iaJI (1) j&Sj .ijj—j-Sl ( J^*1 j LjjLi 11 j .^a■ i 

jl l j iJx jl o^Ip -ii 0 j£j jy>*-*o ^ja 

.WLUl j] k La^II jt kSjl^Jl ^iL^SUl 
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jSfl ^LqJLa'^M o^Lp ^A 

^olSLoJl JjLo LjLkj <>oLjJl ^LSL«Jl ^yajL^a^ jujl>iJ J ^JLoLaJI 

. 3 Jj ^iJl 

JLp JjSfl Jp (Weathering) aj^JI oIJUp J-*ju 

JLp AjjJI J^qju . 4 -jjj-m'jJl jjj>t yaJl Jl oLIaJI (jJL^- 

jl 4 JL£ jl LJ^p 0j-5o ol JJ o LjJ J-L>- 

tcJJl ^L-J Jj <jjjl ^J-S JJj J 
A^pLLl (JLo J| ioJalLo AjLJ? 4 jjl Jl ^LJ Lo^ 

£>1 y* Jl LjJLflj pJj oLj^JL l*ajl cJ^aj <jl toJJJlJ .|JL>- 
oLjL>Jl Jj ^4 jLp-Sfl Jj .44L oLJUju S^Ip 4^-Jl 

ALjLqJl oUJ>Jl Jaiii JLlj 1 aJL>J| oJlA J .|jb>- oJLaj £$l jja J| 

J J J* Jjj JLJI oL-J .JJl <>° 

^A? LIjj oli <iaJLp jJ^aj oljb Jl oLJJlj . Jiiil jL-uo 

tJLuJl J--l* Jp i Jjl^JSl oLJ- .ojjJLoj L^jw- Jv*l f-Ja-j 
oljj^ ^jjo jujlaJI jL jj ol oLJJl oJLa .Laa-J aJl*/? o^Luo 

<JI o^LuJlj .LoLj SjjJLo oLJJl Jt>nj IJlaj .ajj-*JIj t*-~^*JI 

jJUajo . Jo I Jl JLp JUJLaj A-uj-m jJl j JwoJl Jjo jZj 

j^aI ^^A jli\ A_!Ljj iO^J»-«-!l J—JJLa^qj cO^L*-«J| oJLa 
JJl ^2 >- jujl>iJl! jLjlpWI <J LaJl?-I ^Jl J°lj-*Jl 


3L.UJ! i»UjSl ^ C 1^JI 6.4 

i>L.jSn jjip iiiLol y* <y 01 

oL^ JU> ^jj| J^Jl j^iL-Jl ii-jJl , lo vUl 

> ^ 

<bS3 L>.«.^gjj t - -j (8.4) ^J^.tll q\‘1 *;■-■ “ oLpI jij 4j 
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(Bulk .UiSGl J-ojJl jj-o o 


^ t -^ m (j-° ^J.^.aJli^JI j-* Volume) 

j-A Ja^»jJ Kg .^L^JI jl 

(j\ t H JS'L-Jl ^J^r\ ^ hjj+0j> iSA o-LwuJl 


:oi 



^Lu^l k^jl\ :(8.4) 

^lioJl ^oL«-qJI j-a J- 0 j-il c->La!>*j jaP 

^JjLaaJIj jLaJI .pLoJIj tjL*Jlj i Ja_djJl ^JJLo £j !ja jj 4-LjLJLJ 

JaJL>- J-P o^Lp Aa^Laal.oJ| oLpI^- dJl ^3 

,oli)^>Jlj oljJJl ^ 


^L~JI AaaajJI LgJLi <j> cJ^*j 

^y jllp (^Lj j-^ Kp ^y-olAAt-oJl .^yli^Jl 

! jL® ^yllllljj ^y> Vq oLaI>JI 

t .h..Z=LL ' ' (4.6.2) 

v B r„ 

UjLipI Aa^LawqJI Ol t Aa^Lwa^jJI £jA ^j! .lillA 

^jA JL>tj 4 (^aaJ^i]| S^Lp^ Jl*j .o^tA^Jl ^y3 jpLlJl LgJL) 
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j* pL>t>Jl ot (4.6.2) itaL**Jl 

: d\ ^ (V^ (ji 

r P =0V B (4.6.3) 

4^joLwuq3I i^jLpI^jjJI oL* 14jjj^-ui^jJl LoJLip 

<J)[a ^5|j^j jJjs-'bf CL*3j LajJLq j jJ>i^aJ| 0 L 0 L-UOJ . f-LoJLj 

t^Lp J^Liu .jLaJIj -kilSl <>JLvaj| oLjJI ^ |*Jb LjjUxj 

eJjb . ^ j>-\ SjpLt oLpIjJj <1v±LqJI SjpLiJl oLpI^ i!Li jjb LjqL*iaI 

1^* 1 ij^jLpI^jsJI 

jZju .vL^JI oLpI jai\ iJUfljW ^LJLq ^ (Permeability) iiliiSl 

. 4^uS 1 - x —■ -*i-11 4_J Lp 4^kJ La^D I <lj LkA ^*j So ^|- 1 | ^| JjLuB ^aP ^ '*»■ 1 

JUp oJLijj 0Ot 

. LmaaaJ fli-A 1| ^*p L^Jbi^Ljl>0 

L^a ^L^JI p^>t>JL! ^JLiL-Jl oj, 

u* ^jJJilJj ,^Lial!l ^ OL-LJLo 

^jA <JLjl*j c-aj OLS tLjjL>«j fLjJl ^LlaiJl 

.4^UaJ1 ^ 

^^Ip . b ^L>«j ^L^Jl aSL^-ui ^a A 4S'l,»*—ll oj 

^ 5 m ^jIp 4SU~]| OLS ISJ t JlJL«Jl 

aS'L-JI <jL$ cJjiIjqJI ^jIjOjJI jj>t>til t jjo 15 mj JjaijoJl ^*p 

liui\ jll 1 0^ lijj .15 m yb iSL-Jl <yU*j 20 m ^a 
iS'U—Jl 4-*-J OLi jJLj Ills' la-Jyo ^*P 

.jjS! jsl^ 

tlrti (_j* *7 ntg L^l 

:^1 (|t t j? au-jl Jh*rl Jl h aS'L-JI 
^ntg = h!H, O^^frjiQ^l (4.6.4) 
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Jil Uib iSL-Jl Of i 2 JL>- La ^jL-dl ^JU> 

j\ t (Net Pay) *Uaj*Jl ,dl «• •- II JLaj*-! ^jl —j jl 

* 

^L^JI c_j jjb tljjL>«j ^LjJl (JLlaiJl 

:01 <#t Jl *MI 0* 

^pay = 7NTG*P = ^NTG^M = (4.6.5) 


(JjAilaJl *J| ^Jll ^jo (•JaJI jA / jjiaJL! Si ^aj.l.ll 

.u^i ^1 ^LJI jlJ>1 <ya jUJlj k-LJI j t-kiiJl ./jJaJL 

J-vs>L»- j-a (Pay Interval) *LkjJl a yzi / jjJaJJ F} j 

i OJ J • ,JalI J *Ua*ll JL« r^" Vj*'® 

*Wi*W=S,M# (4.6.6) 

015 ISli , 1 ^jL-j ol *—^>«j ^tL-ll Sjii ^ ol«.. l*l l 

: jA ^..1:11 JLill Oli t jl>Sll N JJU> f Ufcll 

£ 

1=£si 


(4.6.7) 


<=i 


jja ^.. 1:11 ^|J)[| JUL!I tjLiJl _ *LJI _ L«:ll ^ULJ 

tJaiill JJ {g,w,o} 5JLL-JI tjj jaJI t5 0 +5 w +5 g =l 

•Jljdl > jWlj ^Ulj 


j-A ^aJ t a 5 a )1 ^ASlja-ll ^~Lj1 

•Jit oU* oli 0l£- Jl jJ i5Li» oli 0LS1* ^ Cr *SUl\ 

ji £jlaJl 451.-1 (jJJl jL-a.ll .Jil 5SL1* ilali JIP ( _ J A A^LaJl jtJl 

* * * * 

JjJ? Oj^t II <-*_*/? L>- .1 Jb>- Ij jjJLo jl U^L^o Oj-^-J 

Ja_>*Jl B ^jJ*-I 4_Iajaj A eJL^Ij 4-lajaj jL-^Jl 

^jJlj t1 + * fl «*->o Uaj>- jLk^oJl jLS 1^ . **>“ 

la * a (j-* • 1 OLi t jLl-a^JLj v^jl>c-j ot 
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( yj> Jj-tl Bj A 4 0^L>*Jl 

(9.4) jj^J . 1 n ./? J ^ I Ol 4 1 

(*_**•* 



£jul\ :( 9 . 4 ) J1AM 


^-.jb OjilS 

JsLrfjVl ^ ^SLJI J^iJj i i^.j jj I ,^-J 

fc^Lwu^ti A^hA^bLuM^Jl . (Darcy) 0 a^Lmu>J1 

,j* jjkJl (^ab-Vl < __ s AiVt jijdU q jjJLxJl JjUt« 

q - -0.001127^-— (4.6.8) 

H Ax 

o^-*L® d-*l(10.4) JlSL^JI 

Ja-#j jjJaJl £jL« ^^-o ^1 jJa-*l t-JLdJ 

(jijj oLkjI ^i-P 4-0yl_L ^JaJL^Jl 4 j>-L**-o ^i-P ^oLww-o 

ijjijull jL—o jj-o A^ (JjJaJl (J^->- A p JaJt^Jl ^3 (JjJli\j i £jLoJ| 

Jijdl oUJl ol <J JLj aJLJI ojLi^l .JiJLiJl ^jLJJ n 
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^LwJl la* ./?!l ^jLJl JUu ^ ja»./?'! Jbljj oL>*j| 

O-jUj £y» ^jJL^Jl) ^SiVl ^ ( j^jla*JuJl Jajt^.!l 

.AjiliJl 4 (4.6.8) iijLJl K 



4^.Loia]) 


^ (0.001127) cuAiJl i«-i jJj»«j' AJLj-iJl ol^JcuJl oLt^j 

0.001127 . (4.6.8) AtaL*»«JI 

; AJLJl la a .'I (Ja>- olJla-j 

(bbl/day) Jijdl Jjjw = q 

(md) ajSLLJI = K 
(ft 2 ) ^jatfoll A^-L= A 
(psi) iai^aJl = P 
(cp) £jLJI O-j^J = [1 
(ft) JjkJl = Ajc 

174 



Ojl jJl oIjhJcuJJ lad ill JJL>- olJb*-j (4.4) JjJL>«Jl 

.SI olJb^ll fUal <y (4.6.8) ikLJl 


J2*- (4.4) 


Ju-HJ-t" 

iudl J&>- ti>-j 


1 bbl/day = 0.1589 m 3 /day 

bbl/day = f y. 

JJiJLlJl J JLr~4 

1 md = 0.986923 x 10r 15 m 2 

md = JL. 

iSLLJI 

1 ft 2 = 0.0929 m 2 

ft 2 — Qj* 

o-LJ.1 

1 psi = 6894.8 Pa 

psi = 


1 cp = 0.001 Pa.s 

cp = JIjj tf*** 

gSllI <>• jjJ 

1 ft = 0.3048 m 

ft = f jLi 

j>ji 


jl>o t^JUu Ay>-\j (4.6.8) 3JaL**Jl SaLpL 

• <^1 *<JSJL?-j yb L (i?-L-^Jl) L 2 $[ju] L$J iiLiJl 


K = 


JjUl x ^.jjU x 

iall X Aa.LjiaII 


fo-jll xijill ) 

l) \ 

l L 2 ) 

{*&) 


[H 


lj&\ 

Y~ 


= L l 


(4.6.9) 


^JaJLo _»^Ip LgJ LjLjJ (Z/ 2 ) 4^-L-^Jl Sjl?-j o j, 

<yJl jJb ^L^oJl jJ-LPj .j oLoL^Jl 

.LjJUjjJj oL~>Jl f L-J| (JlP JL*1 ajj .^jqL-uq 

f L-J| jJJkP ^aladi 4 ?-L*uq 0^3 t oLI>JL! ^1 *jq Jj ^Sf 

<JjJ oL^JLS S(JLipSfI . oLul>cJl oLj ^ 

* * 

^ * d 11 Z/ 4_>-L-—oJJ i * «( ^jpaS' p*-^3 i *.»*/> 

1.0 x 10 15 <^jL-j) 1 md Lo SiLp iiLiJl ^jl j£j .iiLiJJ L^-J 
JjJL^J (1.0 x 10" 12 m 2 jt 1000 md ^jL-*J) 1 Darcy ^ (m 2 

, LjL>tj 4>t^bJl jLiJlj JaiJI 
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JiJLlJl JjL*jq iJai- aJ^p iJLlA jl 0 jJLi JJ 

<ia-dj Jl ^JUI JLp- aIoJoj ^jJLjj . laa^all J 

; (4.6.8) aJ^LaaJI jj SjIpIj s^I>cj) ^jLJI 


AP 

Ac 




(4.6.10) 


0.001127Au 

JjJill <jjbu ^ (Superficial Velocity) u ijsJa-Jl 5 pj—J l 0) 

* 

oL>*_j| JLp AjOj^aJI ^4 s A ll 4 ->-LwlJ 0 ^JLp Loj-l-JLo ^ ^j-<j^>*_>*J| 
A x 01 J\ *[1989 * (Lake) dL/tf H972 *(Bear) j^-,] J-iJuJl 
jl * (Interstitial Velocity) v 4.:..ll .i^LuJl oIjlp-jJL 

j ■ 4.1 nail AP^uJl 4^ji.-.11 oj-t. ,y»ll ^jLoJLI (l^ugLaSflB 


A*I*J| APj^JIj ,Aj>- jjCLoJl JoL^-qJI oLpIJ]| aS* j->*J JJiP ^jUI 

v = m/ o| J vLaJI Jp ajq^JLq w Jrla*Jl ap^JI ^jL-j v 
a ****** II ap^j—aJI jLi t 1^ 0 L* Aajb l *** i» 11 ^ 

,AA>Ja*-Jl AP J **Jl ^ jj olp 0 


7.4 

^jo JaJL>cJ oly^/1 -kj J Jb JL>tj aJL-^o tiJliJl J IjJsJb 

c_jL^>- aJL-^J iiiluJI llA ^j-dlj-n ,A*JiL>«Jl ^jLp ^3 ^5LqJ| 

IJLa .JiUJl ^j_^j J ^JLoJl la 41V oUj^aJ ^_jjjJl!I 

^ ^j-qP j I oljlp A^-J J A**J li ^xIaj 

Ja-uij_Sl ^w-Si .» ll (J >J ij ,» P t—jt 0IJ- ^jLqJI 

aji1xl«J1 oLjj^jqJI ^-jAiJI ( J*p Lia L^lS'jj o j *-* 11 
J aJL— oJl eJjb ( lS>^ Oj^o .^jJoL-^qJI ia^jJl LoJL 

jj aJjlSCJI JLSjlIL) «.11 dUi jl*j j ( jJLa^«JI la* 11 

.jysiJl flkll JJ aJL*JI 
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SaJUuJI Uaftl 

J ^ ^y* ^jL*j TYl AillS* |JL>-|j Ljj^Lo jlllJ 

.g l&j A3 AIjLj A-L>t*j <LjSL>*J| JUt» A™JJLj ^ 

^jLJI _ ojl ^UaJ .^jLJI _ o j>v +&ll ^UaJ (11.4) 

.oJjlLa j+& jy>x ^IpVI y* JsL^x-a |j»A .Ll^^o 

JJjQaJ^Jl Lo^5\_>x_^o UJL, ^Ss-JLj A.la.^j>t-oJl j j >* 1 i oJlAj 

A Akli.il j-o JuJl>*J LiiiLw .Jll^Jl IJla ^ (Unconformity) 
y* ^LijjVl ^LJL 

^LijjVl ( j»Li .dld^j .jj>«-Jl ^Ja^» y& ^^LJL jl tA A-kliJl 

i-irf-P ^j-A*La 3 Lowi-O 4 t f- 3 ^ ^ Lp I L5 ^y^X—i wirf^P 

ajIj LoJLU (J^-1° ^jj^.:! l ^3 ^j-lwtf^l ^>«-i liS* 

•OLr^l p-V* cr° c5^ 



jc.Vi ^ji 




jJUll _ SjiyyflU f Uu :(11.4) JiAll 
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m £*jJ Jj J .a l l 0} ^LLjVl ^LS jlsi^L*. 

ja dz “ids? a J .;^al| J*jU- z+dz Jl z ^LSjjVI 

: ja ^ UiJl aL^I^j JjJLJI Jjl^JI j . (i mg)dz 

dW=PdV- mgdz (4.7.1) 

jajJI jjJLf’ liL^LjjUU (JjSfl OjJLsJl ■— - ^i ilJLjj 

:Jb 3 l 

dU = PdV- mgdz (4.7.2) 

<u^ui ^ikJJ <juii saui cfti z 

:01 

U=U(S,V,z) (4.7.3) 


4 »-j 2 aJI ijaftl 

^ oUJ£Jl idjCu. J^sijI fUiilJ VU*)I yi ^JcJl 

j _ j JLp Lfijl^Li Lia ^ ,(3.6.11) iliLx-oJLi <*j3L>cJ1 >_jL^ 


(4.7.4) 


s,r,n, 


dU Q = TdS - PdV + ^Midn,; ju t = [j^ j 

mgz £*/> jJ) iili J^oLp iiU^Lj ^t i*-oL>«Jl ^j_^j ^ 

dU = <tf/ 0 + rf(mgz) = TdS - PdV + 5//,<*!, + </ j^Af^jgz (4.7.5 ) 

; ^ SaiU m ili£]| 

& 

m = ^]Af I n I . (4.7.6) 


i=l 


iuiL>Jl Jb*- Jiij .i oj£JL! Af^ j 

; (5.7.4) itaU^Jl SaLpJj 
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(4.7.7) 


No 

dU = TdS- PdV + + M i gz)dn i + mgdz 

i =1 

iSUai uLjhj Njl j^jLioo jjJLdlj ^jJLJ 

; L J^ s^>Jl 4&\le ^ Vj S ot .s^>Jl 

N c 

dG = dU-SdT+PdV=-SdT+PdV+'£ j <ji i +M i gz)dn i +mgdz (4.7.8) 

1=1 

^jJL*aJU £-vs>L>- dG = 0 o\ { j^jju OIJjNI pJLi 

.(dUi ^ja I Jb>- 4 -*j } j}) a^a yjj^ ^ 4-JUjJI ol - 1 

(dn t = 0 Vi = 1 v ..,jV c ) J ^ f Ikll it - 2 

^ ^ 5JL>- J^oj f UiJl OL JjVl jlJLSI 

,j>l^....i dG t j-& L-jj. iijLJ ij\y>- 

obj»«Jl AJLP 0 j£i JLiJl t—Jllaljj . (dT = 0) 

drii j_ji J&- ^ (J^Lw 0 _^j C)L <JjJ**)l ^Uaill JL$j .aijU 

:01 .blS 

rtij+Mjgz = ^ Vi = 1,...,AT C (4.7.9) 

^jJLp rfG fji 4. 2 1 (4.7.9) 4_bl »«. ) | ^gJb 

:<//! jUJI 

F<£P + mg<fe = 0 (4.7.10) 

: (J* <*** cM ^jA eJjb 

dP=-^gdz=-pgdz (4.7.11) 

Z] ^pliJjVl la »./a 11 (jyillj .ijilSLlI iiliSUl P 

:^a Z2J 
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(4.7.12) 

(4.7.13) 


\dP = P 2 -P t = ](-pg)dz = -pg(z 2 -zj 

Z, 


P2=I\-pg(Z2- z l) 

jjlp OU tz? ^Lijj'yi ^ z 2 ^Lijj'yi OLS' lij 

IJLaj . Z; ^Lijj'yi JJLP P 2 la * 11 {y* Jjl Z 2 

LJUju US jJ-ojJI ^jo iaivaJl alajj ! 4^JLJL>- ^Lp eJUbLijo 

g A-U>J)l\ iuiUJl <L^P 0 jSo i-wS>jSn S jAj£\ ^ JL >Jl j 

* 

,4IjIj Lj yu 

i-JU^JL! <^aJjL>tjQ (4.7.9) 3JiL*^«Jl ^_p jpmjliJI 

: JbJI > VjSjjiVl 

dntj + M : gz = 0 Vi = l.JV C (4.7.14) 


: z 2 j zj (4.7.14) iljljfcJl Jj15J 

J<*Wi =-M jg ]dz (4.7.15) 

Mn *1 

; 4-jSM Jp JLSiJl 

Pn - Pa = ~ M ig ( z 2 ~ z i) (4.7.16) 

<y JSJ jl^JI OL (4.7.16) *JaL*~Jl ^ 

^ Iaa .^I ^ jt w"| £jUI 


hj SSUaJl 8.4 

J^-ta U Jl p— a* I J Jl \jlU 

jLSJJl tdJjLJlj ,o j^3j Zjj t */3*a 

QjJt>8 ll JluiI g-LtjJl JJLP */3*A Ajulji 4-!L>- J Jb^jj O^-Sfl 

Sojl4 j>-j^ jl Jj Ji 4-j-s^jSfI S .0 j*SLjq 
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3J^jo L L V SiLjjJl J-j-oJ 
t^^pLa-AJ * */>\ jjb AjJj*J\ iiLIaJl jJ */2 fij .s^ A a II 

* &1 LJj*«**lI Sjlj>Jl (£j\j>- JjL*£ 4-^jSfI S jlH\ 

o- 0 iiLkJl Jj-vfl^Jl 

oLj-oJlj i ^yS>jS[I ^cJa^ij 3 JLhl-^J| i-*_vS»jSfI ^j-H ojlC»L>ji 
^tk-* d*>*j Ojj>- j-*Jl jd*>cj 4JL^L-J| 

(j* l l I j-A *k l t OI jkS' eJ^Aj 

4jjIj>J| ^L£Jl <k*ljj S^AJiJlj ^Li j^\ 

Liji dj^i c 4-w?jSfl S^iiSl *l^>4 ^ .^jVl (jkL 

^ Ojj>- j-oJl oL-<Jlj jjjkkl pjJi-J ^yajSf I ^rk* ^ |jj>- 

jiUfljJl ^yi <~~lSkJl 4 jjI j> «J| iSUaJl .j j->t */a\] k,kj| oLpI jjSJl 
.(Geothermal Energy) UjjI iiLkJl® ^k-T i^jJ^jjJl 
.isiki o^sij ^ jL^ji j t^LJl *UJlj t 

Cr* ^k^ 4-Sj : * 11 iiLkJl jui*J 

IJLa jj j .gjLJl ^5L«Jl jjkj 4 jjI^>JI 4jcl-JI ^^Ip 

4_*joLi-fcj«Jl oLp| jJl!| ol .<JL*jO ^kjXsLi iL«jLp'yi 

gjUl *UJI ojlj^>- dJlS* lij oL*j JjJciijo 

Sjl^>Jl OLi t 7k c5j^>^ t j^«^«Jl ojlj->- JLIp ^jA 

1 tl c* 

(4.8.1) 


^jA ^LJI f-LJl jut 4>*jhJl 


AH W = m w c w AJ 


^Wj t(r res - 7k) SjI^jhJi JjkJl r ^i^>- 

f-LoJl <ilS^ C ( j^>j)l I ^tk-i ojljj>- ojlj^iJl 

gjLJI *UI Uis: .,ULJ 4^pjjJl ijjij* J| c wJ igj-LJI 

^dhAldLi 4^bhJ0^1| ( Qw ^ ijJiJJlJl (JkJjCO 4 JW Jb ^aaAaII 

:d\ ^ tPw 43 I tSj tA t 
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OT w = 


(4.8.2) 


: Js. (4.8.1) &LJI (4.8.2) Hi l*Jl 

= (Pw^w A O c w Ar = (/>w?w A*) c w ( r res- r ref) (4.8.3) 

At yo^Jl ^jly-y 4>tjbJl SjIyJl 4^5' 

:0) (j\ iPgeo AjjIS jJlJl ^jA 

Pgeo = = (Pw9 w VwAT 1 = Pw9w c w (^res — ^ref ) (4.8.4) 

SjJLSJl <j-jb LajlJ j_j i 5 ^ SjJLSJl 

SjJiil */*«, S*US3l ±+1*1 4jjII 

• <^1 4 4jLjy^ o> aS 

^aut — *7geo^geo — *7geoPw9w c w(^res — ^ref) (4.8.5) 

iiUWL jl ^LJI ,UI Wju gjUl yb jLkJl OLS lij 
ot **-*->tj LiJl SjIyJl 4^5' OLi t t y-L-Jl *UJI 

4l>ol53l Sjly«J| 

JLlP pJLxJl ^ j*>Jl ^lljWl oLlljo (J^ n i 

ij-lffl * i» ll oJLjb . 1 JL*JLulj1 ^ y9j t LhJjjjLkJLS' ^ 4 a^I *■* ll o i *.» ll vJ^ljlj-S 

43llaJl oLldJ J .4 jjI y>- y>Jl 43Ua]| yL^jo yo LjjjjL S^Jb*jo 

(_r^l «i‘ ‘ v»‘ <j^-i tj-y Sj ~±‘ 

lj^iL-«Jl ^IJLitLui'ill oiZ..la“j tAjjljj-j-Ljjtil Ajjlj^tll oU.»a«!| 
hIa ^y> JS" iiiL. ^ AiOail oil 2 ^>j 

.ZJliJl |.LiVl J oLiZiil 

ijjl S-J &Jl LJ^1 oU^aJI 

ja!L OjJ>-jjiJI 5SUa)| 4 jjI j >-I AjjI j >*.Si 

jlljoSlI Sjl4 j>- ji .jLJl Jb^*jj iiSJLl! ^L.« 
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10° C \jZi 1 aacluLJ ^3 JL; <^A/>j)i\ o jaI^I 1 LJLmJI 

olJ-13 ^ jLJU 4 jjI y>- ^>J| <jJ jj>«Jl Jl . 16° Cj 

J i)jiJLo c^LjL cbL* a\*/2aa ^^lJI J L$JL»p pjdi 

*LJ\ ^A/a i »liAJl *Lul 4_iiJu pju ,ojjL>cao <JL>c^» 4-a^jI 

ojj j^o JLLp *L«J| ,4jjI y >-^>*Jl 4 jjI^>J| <J^>- 

JaLJI Jl 5_>tjbJl Sjlj^cJl JLJ J aj jiJuJl i ter A^jLjSfl 

J o JUI J ,LJI ^ 

^jJLj ,Oj| ja>cJ| (jJjLT oL>*_jI ^»JLj C ULlaA il *llj| ^J . 

J t J-L-Jl *1jjl ^ 4_>cj LJl Sjlj_>cJl ^|JL>ti-L>iLj ^jlj->cJl J^LJI 

t.^AAAjljSfl io jlal* J^U>- ojl ^>J| Jll OjjJJ ^JJI ^LqJI ^-A>t-A-Al3 ^^ijl 

Jl Sj JJl iiL^l ^ 4 *LlAJ| j .S^jLJI iW^I ^1 Jl 

•cT^' <>" *U r* iJj ‘<_A>^' <>° (_r^ 


JLU^Jl ^|jbhC**Vl C^lSjaj 

Sjl4 jjI^>-^>J l iiUaJJ ^| h JL>tL--'Vl oLflJaj 

► ^ y^AJ |h^A^ « A A lj ^ 0 ^aL^LaaQ jJU^jl ^A® 

Jl^ Ja^j Oji f ^ ^LJI 

J-L-Jl *UJ| Jj 4>t-sA«Jl J ^5 j I ^>Jl cbLJl 

oLaIJLaqJI Jl i_^-Aj_JL j I J 4_>t-siLJ Sj-l^LaJO (£j\y>- j-a->*_!I ^j-«~£-*J| ( j^a 

^LaJI ^ I JL>«_A-L>* V y l dj 1 A A A ifl J . 4-A-3 JLaJD Jti */2 » ^ 4-®| JL>*JLu*l_J 

£^ a “ J iijAiJl J ajlJl <J^I 
^jl j >-^->JI {j* c-aauLjI j J-LJI ^LaJl 

oLl^Jl olijJa3l iJlAj>«j 

J-LJI P.UI ijloLJI J Jj 

w | i^A *# jZhkj* .^AfciL-oJl a a la a!| ^ 1iJa> t aa a*^ 4_*jllil c^a a <L)Sl I M-o^iaJijQ ^3 

lJUb .^LJI ojl J>?- ^jLAi^Ju LoJLLP f-LoJI ^j_P 4 1 va a A ^8 
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.i, - ■ i Lj I Jidjj ., il i^)/l ^ L>«^>- 1 ■ •*I 

jJU ^j/3 A ~>- J ^jlJLI c3 AjLk^Lj ^1 ^jJ>-LywJl pLoJl jJL> 

.JbJtAijJl e_iJl£o Ills' 


4jjI j>- j-^>JI 423JU)I <Uiaj1 

4jjI o^LflyJfliil ^Jlp ^JULaVl Jl>-I (12.4) 

pL<^j 4_Jj_P*-s< 3 <uL«Ja LLA cSj^ J^~j^~ 

( j-^ ( j-^-L-Jl *UJl <w^>*-wvJ ^llj^l j-Lj .jL>*-j jl 

i-XpL*mj .*L$JI ^j^iJj oilp^f jLi 

(1)1^ la *./? ^1 p Ld^«-Ji ^1 p 4-J-^P 

ol o jj ^L^Qbil 3^LJI pl^Jl jU 4 L.^^jw>i>) I^Ai^ I 

^LJL?- v yI ^JLt .jj^t^aJl 4-4-JaJl ojl^>*J| 

la w ./? OV pL^JI C—<.^-*-*i ^JLp JLpL^jJ ^J^-JmJ| ^3 4-oL> 

* 

*LJI ^JjJ ijli^Jl <lJ L»j LJLp ilUJl oJla ^ 

J*>U>- ^y> ejl^>Jl j-o-J 

•£l3j^ L^l p-dJ 



Cy&* 


*U1S 


ajjUj^S 


>i 

e^Vi 


SjCiLuLia Aj^c-j 


JjIj- p,jJJIjLi! Uaj ‘[149 <>= 11998] j J^Lj j. ji^) ^ fUaJ :(12.4) j££ll 

.(soaa^l a£L^JI <( jii3 i^Ufl aIILII j-j> 42020-1985 eWorld Energy Resources ^aSUII aSlLSI 
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JjJJ l SUaJl 

*UI jl jUiJl hj\j>- <3LiaJI oLlaj>«^o 
JLJ jjj oLl-ujjlil 0jbV AjJ y>- j-a_>iJ| ^yolSLoJl ^ £_jLl!| 

o j^Xjji jLkJl c3L>cJl jL^JL) iSllaJl jlJjj oik>^ .*L>j*^_£J| 

iiLkJl JL-J jj olkj>t>jj .oILuj jJl ojbN ^£jl y>- j*_>iJl ^j-^^oJl ( jj* 

^jo ^jliSl ^LaJl la » vail ^i>“L-Jl *ULS j-Sl jI>«-JIj 

^ (i^ajjjJl <la>Jj) L*jj-u- jL>«j Jj^iJj jl ^jl^p-j^^Jl 

SjbN ^-jLlJI jL>*_J| Ijl_a ^jl_>t : ^ u .J*jI ^ oli oLlI j->- 
ojjjJi 5Ja_>t^o ^ ^ ^ 7 ol la >n^Jl ( j^o i^JLsJl £jJL-!|j .oLLa_}jj_iJ| 
£jLo Jj j>dl (^jl J>- j-l>J| *LJJ iSjllJcJl ojl y >Jl Jj 

^uLoJl <iajJj Oj-^J (jl .^jl^Jl jjlaJl j^l 

ojl^>J| JLlP o jiJIj *Ul jLlp JaiLJ ^jA JJl 

ibis' Sjlj_>- iSLjb o j^j jl c-aj Lob' .jj>- j_-l>JI p-LJLJ ijjijcflJl 
Ja^l jj jjjlLJI Sjlj>Jl ^bjJ ^jlj^>Jl *UI ^ 

^jL«JI ,jL>*j J^L- - o* jjUl Jj^ij ^LbJL! I ^jUJI 

.oLIjj jJl ojtaW jJJS JLaj Jp** L«Jl ji>~Sfl 

^ISUJI ij\>l 

^ jL>«_Jl jl ^b-L-Jl *LJ| jLi tjLiiJlj la a \ il ^oL^o JJLo 
*LJ| jjla JUJju .^IijVLj Ol ijlj^-j-^>Jl 

0 ^+*dJ ^ ^rj^J t5j' 

oL>ji oli v^LSLJl ^ jj-la-Sl J j */* >«-il 

la w ^ j| oli ^^L£-«J| kjL> 4 31 j 4_JLaJ| ojl j^«J| 

Cr“ J^ ^ry. ^ 0^*“i 

ojlij-ji (jip JaIkj IJLaj 
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la »*/*\\ y* y* *UJl ^Llj| LoJC-P 

0^ 4 y^-oJl IJL$jj * L^g.ia^JJ Ol y Sji ^TJ^J 

pJ Lo JbJ^>*liJ Jjli jsS* bjJL>t-« IjJL*2-o ^<2J hj\j >-iillaJl 
JUJj>- a|jLo| ^|JL>tI^I .y>*IL<»Jl jUcJl jl *L>J| JlJLJLwul ^Ju 

Jlilj^l JI*j ^jLJI £jL>JI jiJ^ 2^1p[ jl ^jLJI pLo-U 

y» {£j\y>*^\ JLaIjMI Jj-*-* oLS' lijj .y’j'bH £*Ja-^ ‘-^ P cSjLr** - ^ 
Jjj*-* y Uajl ^jly^SC<Jl ^J\ ^j\y Jl yiCJl 

y>-£-<Jl Sjlj->- jLi j->-j-*->*Jl ^.-q^wqJI y> Sjlj->*Jl 


yXJl *bl 


r lsJ)fl *LSl y 


* — 

L«UJ ^j! y*- L> ^L<J^fl 4 ^jlj->- 

yol^JJI ojb| 4_JL®Lj» j % JLw^o ,4_JjyJl yoL^JJl ojb| 4-LtjJa ^~j!Lj 

. 6.6 p-JiJl y iJjyJl 


S^c-Low 4-i^lc. j ^jl ji. JjUa 



<HkLui!! iiLaJj jja-uall y 4 jj|jaA iUaij :(13.4) 
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i^-Ul isUll 

jj_>«^aJ| jjb <jj|^ j>- j-<_>tJl iSliaJl jlL^> ^ya jJL^Jl Ol 

pJu ^ ol ji*jLZ oJLP JLiP Ojj>- j-*Jl ili-L-Jl <$L>«J| 

t G^_A4fL^o 1 ,*■>€-< Aj) ^-j) a ^ ^^ 11 A±^\y ^^_>t ]| oJLa i 

iJL^Jl cLU^J N L+;I ^LLjSJ ^oj^l Sjl^Jl i^p dlLuJj 
ya i <JUJ| oJla ^ .^^jSfl ^°j^l 

f-LJl g-li^ LfSyj t j^^aJl ^ *LJl LiSj 

iiUJl o j>w^i\ oLlJuJ L>tA^jj L«^-j (13.4) J^tJl yLj .y^-L-Jl 
p-LoJl <jA>- .iSLkJL! JibJl ^jLoJI ^jjJLj l*[*y <i?-L-Jl 

4j^Iij| ^5 yoj y L>«J| yo 4l?-L-Jl <iL>Jl o J^ai\ <jjJLi ^9 

Jp o^jj>-j-«J| iiLlaJl JLJ y <la>*-o ^JLpO-J ,££L«J| yo 

JLSj^I ^ oL^jjJlSI SjbV i^-LJl OjIyJl iiLkJl y>jSfl 

JLJj-j 4_la_>^o <jjI y>- y?-L-Jl £jL«Jl JJiIj <j| JLajj .y l>j^_£Jl 

iiL^Jl Jj->r */2 il LS ^ £y>-\ 0 jji 1 jLJl ^jLqJI yH_?- pO ciiLlaJl 

.i^Ul 

<LjoIi^- oUJLj 

«* «* 

JjjJk ^JaJt oLj^Jaj iAiLuJl Jjjo JjJ-«J -1 

[1991] Oj^Tj J^T «. [1987] (Silk) JUL-j t[1963] (Hoyle) 
olij <[1993] (Bomer) jj-jj < (Abell [et al.]) 

(j.. 1 ; . ij <[1993] (ven den Bergh and Hesser) j 

[1996] (Mather and j—1—-j —>j ^-Jl—«j < (Peebles) [1993] 

. [2002] (Hester, [et al.]) 0 jj—i>■[j j -^—*■ * —;—* j ‘ Boslough) 
J-Jj <[1991] (Stahler) ^Ul: ,.j <[1963] Jj^jk JJi L^_, 
iwL^ajj [2002] Oj^*“L> j7.^.»j <[1991] 
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*i^Jl [1993] (Sargent and Beckwith) JujiLjj c^s>- jL- 
[1991] Oj>ij J JJLu ji A^lLiVl jiLU 

.oLSojS^I (Binzel, [et al.]) 

UJUi-Jl oLij-iajJl [1986] (Ringwood) ^j »: .J -2 

JJjdl [1994] (Taylor) j^LU *^iJU ^jSlI UiJL 

t A: a ! l Jj->- jJJj-il »l . /a a 1 1 i-j-Sjji <_sjJl 

^ l:...«. .t ot [1988] (Muller) jJLSjj JJj <.3,1.1 

jlJLo Olj *^j3J-«Jl ^UajJl . <■ > »J JL?-I ^JIjJl 

« ■ l i Jjj- ^->* 1)1 

(Stokes) jZl ut j* 4 i | 1 1 "3 

j-i-z-uij ‘(Press and Siever, 1982) t[1960] 

[1986] j : . C^.j «. [1985] (Maxwell) J-ij ... TL.j *[1983] 
[1991] jiJj * [1990] (Montgomery) ,jy>jjcLiy>j * (Skinner) 

(Lowrie) <cj. _!j *[1994] (Ahrens) _ i. _*T« *(Levin) 

(Jeanloz and Romanowicz) j jJ : ^j t [1997] 

[1986] L- . [2001] (Gumis) 'j—lj+j *[1997] 

JJaJI 

(Charles Darwin) J_ljl— ± —j' jji [1986] (Herbert) 

<_dJhL»w° a ji jJL^o [. C- [ ■ , M J_j .-ji .*. «1 *. - ll -4 

*[1991] <>iJj *[1990] *iL!i ^ 

^ [2001] *[1997] ^jjJj *[1993] 

[1993] (Gould) jJ j-&j i *Li L^>-jJj_;->«Jl 

*[1991] (Williams) [1996] (Ridley) 
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‘[1997] (Serway, [et alj) *|l 

[2001] (Lilley) j * [2000] (Bernstein, [et al.]) o j 

.[13 ‘(Fanchi, 1993) ^1 ^ JUjJ 

^i&j| ^ ^ P1 * . - )| 4 * 1 . ■( ]| ( *jjQ .1 ij a 1 

*2001] (Murray) ^Ijj^ jl .[6.15 r —5Jl *2000] 

.[2.16 r -2)\ 

|»LS .JIj.?- dj* ,j-« 

^ k : 11 jjJajJl [1984] (Gjertsen) 

OUJLa Ua 5 * (Charles Lyell) L | i J jjjl . 1 * I jJ j-a>J| 

^ ojb ^1 Sj-tLuJl [1998] (Heilman) 

4 ^jJ<»J1 pLAp! j (Lord Kelvin) ^yLLS' jjjJJl 

Jbyill ^^lp ^ LoLuJl ^jJL*JL! j»-5 

*jlLi o Lfloi l J y>- LliLuJl ^^Ip .^iLJ 

.[1998] OUL* jk\ 


-5 

-6 

-7 


-8 


(Decker and Decker) j£jJj jJaJI tijiiJl -9 

(Orr and Cook) i)j_5j jjl ^jUL^ .[1997] ^jjJj *[1998] 

i*JL*0jj .<jl jLa oljjiaj ( jP 4 L..A 1 S[2000] 

j-lLJ Zj-£-i [1996] (Kane) 

. (Pele) 4 JL 44 ft I j ilj^l Sj>a-\| 
LjLaa. 1 I J»La>jS(I (JiJLj 4 aLjLao ^p LoLjJI ^>-1 jaJI ^hi -10 

* [1972] (Bear) _ r - HJ * [1961] (Collins) j : . lj-5 j « ^ : 7 
y-SJLij * [2000] (Ahmed) j * [1998] (Selley) ^UL—j 

oJla ^>-1 ^0 JUJjJl iJliA c)[ 1*5 . [2002] 
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a "i 4 i^j£> 4-aL^JI £j>-l j-«Jl n i — 11 

(Shepherd and a jLJ.j a jJLJj t [2000] (Sorensen) 

.[1996] (Brown) Ojl^j t Shepherd) [1998] 

Oj-lG ^|JL>ti— L ^^jSfI jIjlJ j-^Sfl ^^*4* ^>-1 1.4 

.*±JWI ^JLS' 

<Jjbc»j ^<4 -l-jJL Ljjjo ^5U^aJl iJ2.4 

J * 4 ^ " * ** 4-?l *«* ■» l l S' .4 4 l i oLi/?j_i 4 I 

jIp ?4l— Oj^L« 135 ^ ^P a 

? JLo jJL£llj ^1*JL dlljb>-J 

4500 ^1 y>- idL-^o LJLjil Sjli ^p 4-ijjJl>JI L5^o| SjL5 3.4 

^Jl jj>- L>JL SjU ^^p JLWtfL oLjjliJl oIju lij . 

ill: i Lj>-| j^_p j-*^ ^ i ■» ^ H 4 < I (Jjbt-o ^jb 14JL— o jJLo 150 

(Jjbc«j OjLflJ .41— 4v?j-JL)j 41— ^uJL> 

?2.4 ^ Jajc^Jl JL^fljVl 

4_a_*^ I o ^ l l l <_r* «j'>»«Jl M-j* 4.4 

ojlj»>- 4_>-j^ i^.* — ?-l .jJ-^jiJI 100 ft 1 °F Jjl*-«^j 

^>r la — JLlP Sjl^>JI i^j* ol ^.<^L* J+* 

. (°C) 4j jU]\ oU-jjJL iikjU-J J* p . 60 °F LS * 

ISJ .43H2JI ^jA 6xl0" 5 J ^iiijj <juLa 4ilxjo S^Lo Jj>-j Jjliij (1 5.4 
l^JLlI jLf>Jl ^ Clwai^l iSllaJl oJjb 01 ll->^lil 

^ j^p LaLjJLj Lf il\ ipj_>Jl jIjlLo LqJ i 2 kg Ojj 

.(Gray) <^1 yJL JJbU-J 

jlJLLo Lo .Lilt i*— 1 dJlS* (1) ^ 4jc k L«Jl S^UI 01 (J&jp I (v_J 
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o ^p jIp ?Jj>-jJI LaUIj itilSLJl ip^>J| 

(sievert)U 

(4.4.2) ikL*-Jl <wi-sAiJl j-«-p ^JL>«JLu-l 6.4 

. (4.4.5) ibUJl 

^—£ .0j—5 £LJ 3 mm ^—a 4__jj— j| I 7.4 

q£> > 1 Aplijjl J-ol^JL ij jjlj 

• 1 L) 

j^p jJ_laJl 24 ft JLp oLljj_5^JI jl?-I (I 8.4 

iS'L^Jl j_a Lo .JliuJl ^^Lo^ll {j* 76 ftj JliuJl 

W^ 11 U«i 

?jyS3l li*J JL^I J1 <yU3l w LJI Lo ( v 

4 2000 ft c 1000 ft 4 Jji? (I 9.4 

^_p j_jlP ?o j->t ^1 j ^jJhSLSl p^>c_>cJl Lo . 15 ft 

.m 3 j cbblj 4 ft 3 oIjl?-^j 
4 a a»> a l l^ 0.2 ^.A ^ ) i 4-a^o 1 ^j fl C< j LS' (<w—' 

?o11 ^L-uJl Ui 4O.8 LS * ^UaII 

.m 3 j tbbl j 4 ft 3 oIjl?-jj tikjL>-J ^p ^Ip 

L*j t0.7 j-A ^jj> t ^4 ll ^jLwJl ^ a j| 0 ^ lij (^ 

tbblj 4ft 3 oldJbuL>-) ( jp ^1 p ^ jliil 

3 

.m j 

^LljVI jZ j JliP lawA^ilj 3000 psi j-A j£j «-tlP lawA^all 10.4 

1000 iiL-^o 1 1 A^aiji ^IijVI • 1500 psi j_a 

^LljVI jUjj t jjL>«Jl jjLi ^ iJ^jLoJlj .ft 

j&j 15 ft j -a t y«^SL<JLJ iSU-Jl j ,0.9cp 41*-jj J 
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<_U » oij-ili |»JLjr i .«! . 500 ft j-A JLi-iJl 

_ fryll !>» JJLa^ 

JX! (_-«-£-* y> JXJ t^SL. f jJ p_. J.SL! (md) iiUJI 

_ (m 3 /day) f jj _ (f^/day) {jj _ (bbl/day) _ 

1 

10 

100 

_ 1000 

t2300 ft J^p -Aip 1000 psi *Ul y> j^*p iaiv» (3L5 lij 11.4 
1 y fUI iiliS' 01 y >jril ?2200 ft J*p Jai^aJl y* Li 
(IhjL-l ry jIp .9.8 m/s 2 L-^jSlI LjSUJI aJL^pj g/cm 3 

.kPaj psi 

SjiLS cLL5 <jjI jp -iSUaJl oLk_>^ ^(I 12.4 
olJLi Ljjlp 4_jLj ^ ^ ^ 5jJjJl ya 2000 MWe j - >jJj ^JLp 

^JLp Jaiii ojilS 1 . LLp JLxjj 

ajJLaJl (31 .850 MWe j-jjj 

* * 

^ j| * ) I WI l a o ^ >-1 ( ^ la >- LaJ^j8j 

. (MWc/ycar olJL>- y) SjJUall 
i yiA**j\ LoJllP Jlaa^Jl jy Jlaa^Jl JjoLp 01 ^jlil (<wJ 

fjjA <JLv?l . 10 MWe ^11 iuL^SOl SjJiiSl ^y^- 

(I) ^ twJojJLflJl I lij ilaj>t-oJl oJLa J-qjlLlai 

^^1* il'yjJL! (MWe) oljli-L^Jl JJ e *J*y>- 

oly-jj LjJLu (jjjjiiJL! dJUij i Lj^_5LSl oljLi-j-«Jl 
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fV- .t iJy>- JUJL l*J| iWjdl pi (MWt) 4jj\J >Jl 

.(11 J^ill 4 ^_sit ^ Uj vilii 

4jIj la .-I ^JLp iijU i*. « la i ^JLojJl t .J 4_L*_C- 

oL^jj 3 ja ^yljL.^Sfl iwJLSl JAj Llxj j 
125 Ojj 4 jI Jb>-ji ^ajjjj *_JLJI 0.75 o^lasj 

cJUl Ol Jb^jJ t i_jJLp pL«^ c-JLSI cLlJi jl*_) .LI 

c-JL! ix>oL-u«Jl .Lot127.95 Ojj *L«JIj £^1u«JI 

AiliS' Ol c-JJl ^ A 0 j j J^-aI .jjLo^JI 

. 1 g/cm 3 ^ cLJl 


13.4 
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I LulIa 


lOj>i CUjJ^j l £$\ oUl {j* ijjji^Sfl iillaJl ^ytj 

<JLj jjs> ojX3 ^Jbo Jp 4y>cJl oLL£j| Jy>*J j mJ^L>*jIj 
^ jj-i?-Sfl ^jijJl t^-A-L 5jZj yyijJl ^-»***^ SAJI oIa 

^LSCJLJ ^^-L>til ^y 1 *^a^J| c^Syilj bjJLoJi ^lp JL*JLaj 

Lip L^j <><Sjj *>-fyiySl Lii* pjlj ol LojI liU .<y>Jl 

• 1 L5 > *^ (J 5 '^ 

aU^B i J3j >L y>Jl jSl£U L-L-Vl oIjl?- jJl ^yb L^UJI 01 

ftp <_y (Robert Hooke) iijjb oyjj ^yL^iiL oIju 

^y ^j^-kiJl 4 a 1a **/Q vJ^Lj>y 15yb JjbLi c yp*t>oJl f I JL>t ” *<*Ij . 1665 

f^-Jl cjjJlJJ . L^t>- IaL— CjLI y]| ojjb . yJLflJl ( *yo 4 jLJ!j 4_>tJjl 

^Ijl>t * oj-J ji 1 * **» li c* *-* * 1 iij-jb aLj^L_>-fl obj 

oJjbj >L y>ll ^y LSU L-L-Sfl oJo -jJl 4 -q1£J iLuJLp^JI 

OJLj^LI ^ytyLo ^y LoJSfI oLlil ^JLp v^jUoI 4_>*yJ 0*L>- ii^jJl 
01 j_J jj^j_jJ 01 ^JLp oJULj j_jIj (Matthias J. Schleiden) 

. (Theodor Schwann) 


1839 


ftp <2 -a— i—i—o **> j 4 * */> pi j ***^ ^ */ >j 
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I*Jj ob$L£Jl ol [94 ^ 1 1990 t (Wallace) ^\j] 

Jij . ^jja <Jj£a i oLol£Jl ^0 

^ Lj^L>- ^A ^_L*-0 J-S' .oJUbLkl-«JLj i A ~ * y*JL a_S1_J 

j|jL>cJl JL>- ^ ^ ol jJL>*-<q 4-JL?- ^uLl^a^SI CjIjjJL>*-«J|j 

iJL^ j^o Jp ^^^5jJL>cJI *LU*J| jl ^jJL>«J| 
,4-jjjjJl oLlJjj-JL cJjJlj JLuLiljj ^ 

<jjjjL?-Sfl <iLkil ^p J ^^lS < m ^ 2 jo Lla ojJULJI oLJl 


ajjJUI ^UJI 1.5 

j**4*li-j j p ^LJIj j <«>p ^Ul ^jj q^^jI*< i a^JI L$ 

oblSOJ 4JL^3I *\j+l\j vJl jJ> ol^l£U aJL+£1\ *|^J| ^ 

<jj-i^lP j_a_P ^Ij-a p—■-*! (Jj^l ^ a * i/g a 11 I J la pLi i A_a_>«_1| 

^kx^oJkil . AJ J i/2 P 4^L|-Q^Jj +J *I Ul l i^ 

^1 ^15 jxp IjjLS' 4^<:il Jjlj Lo j-^ap ^JLo^ S ' oSf 

(jl ,y> ^ 5 '_f° Or 0 

j (JLij^U jjots^ <31 V) c-jjJl ( _ J i j»jli JljLo 

(Friedrich Wohler) jJjj (J LjjJb J i ^LJS/I ^L*_j£L)l .Ijjj-JAI 

tcjyi JJLSi .1832 ^ jf -dl J) £»-jl 

ja& i^SjA ^A J-*^P i^SjA J y>- Li>«J jJjJ J 

J-J oCL-u- ^->t ^*1 LjJJ-Jl <j-« '<S j 

^ ,4Ju^>Ji *Lp-Sfl ^JL*J Sj^Lj f-Lc^JI b> LjJL>- 4i>o 0^ 
LJLp c < fcr ^-lLa ^|SLtu ^jJ-*Jl ^A ^j-jp^iJl ^Jla ii^LJl 

,4j^a>JI f-L^SbSlj f-L^S3l ^p <^H\ olojJL*-<Jl ( ji^jL^iS'l 


iljJLSl oLJ^L*Jl i-mljjb ^JlJI ^JLmJI ^ fL^^JIj 
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0oljJLSlj .oljJLSl oLpj^j>«jo ^ oLijj^iJl .oLijj^iJlj 

^ eljjJl oL-<j-^j>tj|j .eljjJl JJ_>- 4-iL>*-ni 

oU~l>Jl eJjb .Luj^S' <S^LaI>o oCjyjJj 4l>biJl A+s *-ja oIj jJjjJ 

^ * 

4-la-LJiljJ J J-A-ii^qJl p^>c->cJLj 4jjL2jQ jjJJl ^JO | j* * */? 

Ojil\ <y JjVl ^ ^^531 0 L 4 JI cJtf .SjJUl 

CUlAlJl ^jA el jjJl cJai->- ^^lll 4-jSf I JbJL>bJ (JJLaIj »ll 

ol cJLIiS'Ij LjJLp- <JL5Li^<jJl eJjb .olJjjjj^Jl LS i J 4&\ jiL^Jl 

.(_£ j-dJl J^lil]! ^jA a]oj\JXa fjj^\ 


IjIS'jj Jolidl 

e(Hideki Yukawa) I jL^j ^JbU ^ LLJI ^L^AJl ^JLS 

^Lp ^ iSj-^l 

.r^jl^j ^ ihLi* Sy 4 jL <5 j-iJl JpliiJl \j\Sjj jjv» . (Coulomb) 
J^pLiiil Lot . 4 jlLi 5' ^JilJ LjJUL^j <jjj_lSI ejJLSl eJL* 

lLLJ LjJUL^j ^j-Jj->T ill ^j-jJ eJ_i J^i ^-JaLlijojj^j_^Jl 

p-r-^ j* 


Coulomb 


; ^ r iiL-jo Lo^JLaijj 
= gj g 2 1 
4^3? 0 r 





(5.1.1) 


• ^ r ^L*jo I jLSjj iiUaj 

exp 




^Yukawa S 


( 5 . 1 . 2 ) 


4P jaji Cj tijSLj-j-^l 4^ULS jlabjo jJbj (jljXj'bfI d*jij £ ll*,*?- 
* 

. 2tc jjIp Lo^*JLq /j cilj^L cl*j!j "f^j t ^lyiJl (ji * 


JLp- ^UipI i£*ji r iiL-*Jl i J^ IjL^jj Jlp- ^UipI 
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t jLa 1\ UsS J Jp L.JL1P iiL-Jl JLp 

ojljj £-» ajj jjJl SjJLlI jIjJLq . 0«—LaUp 

£-• Jil ya jjlJl r Jjk ftf JLf»Jl (^JLo r isL^Jl 

: j] ie ^S\ J-UI 


e 


-l 



=>!=> 


rn^crp 

h 


(5.1.3) 


r n = 


:0L» 

(5.1.4) 


m M c 

Lij J^LiiJU r 0 j^JUJl i)\ tfjj ibL**Jl sJLa ^ j 

4jLjj M Lo JJ ^juJI JjJjj .JaLi*Jl p— trip ihS3l ^ L*.*£p 
.y^all JJ JiLl«Jl p— a\^ JjJj LoJ^p 
J^L i^JU jjLliJI Sji ^jo «:11 Ja_>lyJl Sji 

. ^jjJl ^yJl oLjjjjjJI ^ * IgLixjojj^-^Jl 

Liill ^ja J5L-JI J^-LiiSl t^jpl^iSl y>*>Jl atay LoJUpj 

iiilyJl 4 +Js&y\ iU-JlJ JpUsII tsjJl 

JpLisJl SjJJl 4 L*7 jj o Luj^j-? 4JiL*jL«Jl oljjJLS 

* L5***^ j 


(1962-1885) (Niels Bohr) yby Jj ^jUJjlSI jLyDl ^j 
(j-xii j*y t Ol <y° J*j • 1913 J ® 

<«JLaj JjJj 4 jI J J'jLoJi 4*I^*J| 4jly- pJa*jo 

(Cavendish) oljyLShXJl Jaj L«J 

0j-jo yj . (Sir J. J. Thomson) 0 y**y jj-JI ^ Iyl^JL 

^jo dUi jLmj ybjj ,jjy£)^4J ^iLliS'L Alp c_ 5 j yu* 
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j* .1 /UjIj ^ (Sir Ernest Rutherford) 

.SjjJl ooljjJJ ^JjIj 

Lg^3 ^iJl C^-JLlJl ^-jljLj L*-o 

>-XAL*i .A^JiAx^Jl 43L®^J| (4J^*-JwJl 4 t^-^A oUjjI) U)T oU~J 

<lJhS^ oljjj oji Lg_j Li L^J jyMju ( J_v 2 _sl olS^j oL>- C—i-iJ Lljj Jjjijij 
ol ^ ^ t 4 j- ^ ^ i I 4—O^A.^. 4 /? 

j^Jl L$-j jjJL j ^iJl 4-dj^IaJl ^^ilj oljjJl (Jj->- jjJIj oLjjjJL^J^/I 
4 *,» I 4j^ 1j < 11 OhXjhX.^^ IjL^CjI Cm 9L.* /? I ) ol 'hf!_ t I 

• 4jjjJl 43LLaJI CjL^I*«wO 

«* f p. 

ojJ-I Lo^wwj (I) (1.5) JJLljl ^ 

2 JJI jjOj ^JLlI 0 ^-*L® ll 

aji J Oj ^ 1^11 pAJ 4jj5*^oJl fc—jJb>*Jl 4*^>- ( v^j LjLJ iillA (jl j?*i 
oip 4Jn^Jl 4Jk>*-JiJl Ojjjjd\ ^Ip o^ j^-o-JI 

V e j <• Oj Qj 4 <1>Jill£J W e 4 jLi£j .ojJLJl jA 
tajJJl J) J ,Jj > <>* iiL^JU rj t oj^i^J^/l 4P^*J 

: J* j-^ 

(5.1.5) 




(jUjac.) ft = 2 

£j^jjJj$JI Jjil jAjj £J>*j :(1.5) JS*UI 
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^jA sijJi jjs- jjju (^JJi isu* 

:OjSi3 (5-1-5) iU*Jl 


=-m,v 2 = 


1 * 2 


(5.1.6) 


2 B e 4?® 0 2r 
J _ r L> JUf>- isu»j Oj_^£S)M *£j*~ isu* 

: JB\S U53I 5LUI 


(5.1.7) 


£ = A: +v _ 1 ? 2 1 g 2 ^ 1 gVl ^ 

coulomb 4^ 2r 4m? 0 r Atce 0 r i.2 J 

= _L_ii 

4«e 0 2r 

aJU <y <^j fUiJl Oli tiJL- iijZi L»J^p 

>1 ip-j ^ olftU ^ (5.1.7) J) (5.1.5) ^ oVal*Jl JwljJ 
j ^y> ^^jkLLaJl sJLa jj..la“i o^/l ^jJLi .Aa^**^^!! 

i^kJi 

; ojji j* Mjl? 0 u\ ( j0jzij 


4 --*--* 


m e v e 


(5.1.8) 


i3_^JI -P«j h 

0^5o LaJ^LP " J Jj ^ ^ oL?- ^ ■ -* V ojJUl 0^ i-s^J ^jP Jl j j 

J»Ji*j ^Ul jlJUil jljjfc— aJUj .jlyil-Vl ;ju ^ 

:Jb3l^l 

nA = 2^r„, n = 0,1,2,3,... (5.1.9) 

(Principal Quantum ( _ f ~_J;jJl ( _ r «-SJl jJL«J| n ti-j- 

^ L».»./> bJtp iJLiA ol (5.1.9) aJjL*_«J| .Number) 


.jIjlJI Jm J> JLp oU^I jt ca^^JI JI>Vl 

S^tlLaJl aJU (l—<) (1.5) £ 9 jjj 
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(5.1.8) itaL**j| (_,i (5.1.9) iiaLjcJl ,n = 2 LbJLI* 

: > 

* * (5.1.10) 


= 2/rr„ 


: jt oljlJull jlU ciU.it ^ r„ 


n — = nh = 7w,v,r. 
2» 


(5.1.11) 


4.^.^ jj» (5.1.11) iiaL**il ^ 

4j-j - - - ll ^ .ill oJLa ...i ,^)jjsS^jU 

: Jb)l > Oj^VI 

nh 


( V e)„ = 


(5.1.12) 


: JU> (5.1.6) iU*Jl yi (5.1.12) ibUJl ^jjcu 


1 

—m, 
2 c 




nh | _ 1 q 

m„r„ ) 4ne 0 2r„ 


(5.1.13) 


V e it 


4-JLp 4_>-j^.^^.11 oljlJUJl jliail c_sLvajSf I 

; iJUl I IjLaj .(5.1.13) itaU^Jl ^ 

r n =( 4 ^o) 


n 2 * 2 


™ e q 


(5.1.14) 


ju L*iL>tji t jIjl. jt t jij z * ..i iJL?- ys iiLi* 

: J* (5.1.14)j (5.1.7) ^L*JI 


E _ _J_ii = _ 1 g 2 f 1 g» e g 2 > j 

" 4ne 0 2r„ 4ns 0 2 ^4t® 0 n 2 h 2 J 


E n=~ l 1 o ”1 2 » « = 0.1.2,3,- 
(4^ 0 f 2n 2 ft 2 


(5.1.15) 

(5.1.16) 
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pj Sji 4j>-$ j-oJ jjbjj 

.i!U* JiSfl jIjuJI J1 3U» J^Vl jIjuJI ^ Jfc* L.jlp 

* 

i jIjuJI £ja ’VUijI tijj&SH I £Jlv3-j LoJLip <^*jl*l«JI Ojj^iSl 5SL1* 


: yJbJl j>^Jl (jip j*jj g*j+j y> o^i J ->'4*11 

„4 ( 


hv iJ =E i -Ej=- 


i *.<T 


(4^ 0 f 2ft 2 


1 1 


(5.1.17) 


. <**j j->*^l ^ (jJCo ihlxJl eJjbj 


fL* pj ^ a a ^ iiUaJl oljlJbo ^j-H <JL-2-ij'ifl Sj^J jj, 

* 

^Iajq ^j^o JjJaj Ip-j_^s» j^JLSI .j^JLSl 4*12? oL5*JalJl 

r* Jut iiUs> jIjl. Ji oijUi oUj^ j?i Sjisi J,> 

iiU> jlJL. J1 'viisll OjySJ^I ^La, LiJLIp ^.,.ul| 

^jla»" f.j.^all v iijJlj Jjlallj i E AiUaJl ( * JJ j 4i“)Uj| >( JSt 

: M ikUJL 


E = hv = — 
X 


(5.1.18) 


<j j£ ^»11 oiS :; L:ll ^ iiU^WLjj .JjJ^L cujLj /j 

^LjCht 4 *jL^jqJ_ 9 .^jjjJl ^-LqJjWI jjjJalJ oljJ-JLSl t3JLSLjJl 

jjJLSl (J««la7 <*i^>«_Jl ^jJLp jlS SiLoJl (JljjL?-l ^jJLp jj-JLSl 

, jA>JL! 
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-{ 

4s 

3p { 

jjLrfJjJll! 

<^' 3s 


2p 


{ 


2s 


▲ 

j\ AjjUall oJlljJ) 
la i. n jj a 

AjLuugJt 


Is 


AaUall diLjUjaui 


Al\M ^Ljlaui :(2*5) J&&H 

OljlJuJl SiUaJl ^3 Jj-iJl oLj (5.1.16) A_taLw_<Jl ^jJLJ 

^^a ^3 A^^SCa 0^ 

jLi 4 A-j-^L<J| JLj>*J I ^jJJI ^ij-ojJlj 

oL>jJL~--0 ^Lo| Aj>*-Ju ^*5* Jl>- jlS' ^jJJl ^Ajj j-oJ ^L>*j 
J pjlaj^S' Aa^wo^a AsLlaJl C^bj^L*-*-a ^ j&ju ,A>0^o-J ^3 Aq~o*SCoJI AsUaJl 
^JJLq*j O^Lj ^JL^aa-oJ I oJLA . ^jLJaJ I L&jJ ^a (2.5) J^-JL!| ^3 A-JL&I 
'b/j .SjJUl L^JLmJw JaJi3 A>-j_o~^<>J| oLSliaJ! 

oL^LiJlj .A-^SCJl Aj^JajJU Liij Ailia-U ^jJ-l ^Lj 

.(5^kJl |j-A ^-£* Jj A^j j>t^\ 

i A-^U j->tlJl £5lllJ| ^a JjjljJLa j-Aj-> ^5j-a-J 0^-5* 

^i-P ^A>0^-a-> 01 c-A-JaJL AjLL*JI<»J| lLUj 
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tjL5j . + Jl a -iLS' ' Aj^Jfl-Jl L^<>»JI t_^a3L l^Lu^jJ 
(^i-A-II I P'L^- iA- 9 C — <■* ^ yiJi ^LjP C — * .> t~i 

<j\S i AjLJL>J| ^3j . A^_S'L^*) I l£LJ! pLj^aJl Jjt>L>tJ 4-J LlSs-o^o 

^-a-aL j-« t — fl a ILj I^LLILwifc-0 ^jJ-Jl j-Aj-j ^Sj). .o. j 

.lylp L>0O^S* AjI_ ^1 . 0 A*o^j| A*^*j*«^L^j| 

4j^J alll d>Ii-LflJL*-a ^jJ lII i_^^yU 4JjJL>xJl ^iLojJl JLUjmwJ 

. j* +.^ L$J 4-^ji-i-^x-J! ^ Lq^JI o|^ U^ .a^q»^\JI 

cJlj Lo ^jjJlj 4 ojJl!I Jly V oLjjjji^J^fLi 

^J^JLj Lg-13^ jj*j .CjIjj^I^J^Ij a!?L>*» 

(Heisenberg’s £yJylgJ yyJl ^*JIp iJy £* JLaJ^Lj tyJL 

jJiij yt>jJ i^oJL^Jl o j y^Ll^fl J • Uncertainty Principle) 

JJG Uo jl oljlJUJ aJU^ oSfl l*Ji 

JUj>-I j-* y A3 Jill Jl jUliMl 

jj ^J^*£ .21 jjJl (Jy>" Ajli-l>t-a JLlP Oj£3 AjA j>t_) 

JlSLiVlj .UJjy£J)fl Ul^Jl JSUi y> iJUi^l 

.(3.5) y aiLo jl AJjy£3^fl oIjIjuJl] 


AjjjjpSl] A A > jui 


•'/O v\ 4 <:? 


S jl^! 




p Jl*\\ 


/ 

V 


I \ 


\ 

J 


d jl A<&il 


Ci \jill y AjjjjjSJVI tiit jIaaII :(3.5) JS-^t 
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S^JULl l^J\ oU 

*oI^-aJ| ^ y? OL 3JLf* ^ yl| LJ* I^)i-LL] 0^A>Oi >Qi 11 iJJ i A */2 11 iAaIam i 

aJLJI oU jj&i' k )l\ ^jlp lol Lj^ ital*i*Jl ojJLSIj 

j-gJl oU y jj-Jl ^JLaJ LjjL—a A-Jj4 _jL>t-l-J| y 
^JLpj .oljlH y olijjj^Jl ^JLp jjb ^jUl xbJlj .l$j|y Al>*-i]| 
A-taLaJL^o SjJJl Jj_£j LoJLLP oLjj-Tj j-Jl ^JLp ^jLj oLjjjJL^JVI 

^jl*J LjL-uo L° S^Lp SjJLSI sI^j ^y oUjj-kiJl ^jlp j .Lj^S' 

.Ala jS I jl oLljJJ^Jl 

j^oj X ^**> - z X ^>cjJl ^1 p 

jJb ojjJL! ^JLaJl .<5 jJJI ^JLmJI Zj ^JL*J| .<4j 4 

4<Jll«Jl J-P Jljlll ^y oIjjjJ jAJlj oLj^jJjJL! ^JbJl 

AI^j oli ^ LJt J-P c5OjJj53J jJfcL^a ^-Jaj 12-J^j^S3l 
4 12 jjb aJ ^JbJlj 4fiC jjb aJ ^jUl j^jJlj .Cjiljyyl 

^JLaJl ( yy (jjLaJl j_* oLjj y j_aJJ l ^JLP j . 6 jjb aJ ^jJlSI ^JLaJIj 

.tfjJJI ^jlxJIj 

oUJ jjyd\ y aJLl>i^o ^IjlpI LjJ 0 jl 5 j-^aip olji ol 
4 cJi * ■» ) i ^ * * *<« ^I-P a aJi jjLlaj ^ a a* i ObA-A .oljJl ^3 

jJb aJ cy il£]| XLaJlj 4 *6 C jJb aJ (Jjdil y°jJl .oLjjjJ aJL*jj 
JiS' Ja**jl>0 ^yb ^A/aUll AjjJLSI a!i53|j . 6 jA a] c5jA3I j 4 14 

,AjCbJaJl y jSlialJl 

JjVl A3[la L Ip-JL) iiUaJl oLjjJL^ub AjjJLJI oLljjA^JVl 

^<aj»«-!lj .iSU? Ji' Jaii Jj .Vjl 

isMp <J l5LjliL< jl <^u, zjju 

.(Spin) djj&y I J>u 
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cJjJu LjjlSj o^L>t-o * oLjjySJVl JjJL-J 

(Otto Jj-jj! 1 ^jLjj^-iJl ^yil jJj .oLoljjJl JiLo 

c 1 a-jI tJL?-lj ^Ixj Lajl*j . 1921 ^Ip ^y Jjp SStem) 

Jj-p (Walter Gerlach) ^-Vj^-p yJlj oJlJL j_»Ij 

jJLbj ol ji jL ljUfcLi jl5J .[^jjShu <jjy£!Vl 

L«^>bjIij jy-.a'j j jj£> JL>*jo ^JLo jj>- 

JLS'^oSfl JlyLj-uaJl Lojup 1925 ^Ip ^y 
^(G. E. Uhlenbeck) JjLyJ jIj (S. A. Goudsmit) ^p 

oljbb .OjySJWl JjjJ oLuJ Jaii JLjbj .OjySJVl Jjp 

Jjpj JLp^I j Jjp i ^jjLo oJLjJLp f-U-^L l^^ aI| jLiu oLi^-cjJl 

tipL-Jl <wJjUp ^^-^pj ipL-Jl ujlip £-» Jj-pj i JjL-S|I jj>J 

* 

Jjp oUJl i«JjJL!l .Ijl?- ^UJl ^yb iJ^JL!lj .iJjJLSlj 

4_hjjI JL?-I jJb Jjy£JWl <Jj-Pj .A-lS^y>- oL>cj| aa!>J| 

^IjLpS/Ij .SjJJI ^y Ojy^^M JjJLi j^oj ^IjLpI 
.ijjy^JWl <jU^JL! Lf &\jh}\ yd I ^y-Sfl 

l jJl XLaJI jJb j iJL*Jl jJ 

jl*j ^^*£31 ^JbJlj .iijJUl oljjJl y^A Jjy£3^[| Jbu Ja^- jIa 

wSJl ^Ijlp^I ^JLp I jIjlJI JSLi 

^IjlpVI J^LoJl! tJjy>Jl ^jl>t"^Tj .(3.5) ^y <il^o 

.fJUUl JLl>o ^yJaJl j^o yJJ iJjb .ijjjLlil 

cJjy>Jl oJl* .f cd tp iS <yb ^JL>tlL^oJl ^jSfl cJjyJl 
jJLp 3 t2 d tO iiiWJl pyilj 4 jjjIi 3I i-^5Jl ^IjlpVi ^^JLp Jjlj 
i-^SJl ^IjlpSIIj ^JbJl (2.5) (j^dj .Jljsll 

Jjb iJligJl JJp ^y^Sfl iSLUl oLiji^^l ijj^l 

f^SS\ ^JjJIj 2 jJl ^JtJl Jp 2p ^yJall j-uoy31 

. 1 4dlSfl>a <^aAj 
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Ja—jJL-o abj-j jJl iJuJl abjl LJlS' 

^IwLqJI ^Jjllll .a! 

^JuJl ^4j ivlJliJl iJUJl Lol 

4S ^ItaL^Jl . 1 ^-dJI ( ^3 I 3 >4 I 

^-Lii>» p jlj_oJl ob 4 JjLULj *c5 j j-* t JLuJl 

(J^Jlp blsL>- A3 Li? CU>lj^Lww-a 4 j^Aj 

<C^o-o oJbji oLgJ>-jJ iSllAj .2 jj^t-oJlj 4J jj^t-oJlj i X 

(2.5) J^JLJI ^ oli oL^ Uiu^ 4d jIjuJL! 

3J-*Jl (4.5) . 2d ^dJaJl y^A ^lLS 

.2p jIjuJJ ^yLkJl 



is 

2s 

2Px 

2py 

2Pz 


t 






U 






u 

T 





u 

n 




UJJ-* 1 ' 

u 

u 

t 



UjWJ^I 

ti 

n 

t 

T 



u 

n 

t 

T 

t 

ijj~> kitSjVI 

n 

n 

n 

T 

t 

jj^' 

u 

n 

n 

n 

t 

UJ^ 

u 

n 

n 

n 

tl 


| JeVl d> 
X (Js**VI (Jjc. 


Akkuull djjll :(4.5) JiAS 


^ (Wolfgang Pauli) JjL ^JUuiJy ^jL^Jl iJj^I 

jlil b| JaJb ^jjjJl JjJL>Jl e^lp| 4 jL 1924 ^»lp 

0Jb j3 *Lp4 j jJ Oj-^J (jl L^tJ OjJLil ^3 (jjOb 

^ Iflj13 ol ^ ^ I ilJLp'yi 
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L*jJ 001 ^ olj c ^^IpI 

oJLplij OjJlj JjU ^^1 j^S*yI IJlA #L5 JjjJ| ^<kS0l ^JbJl 
*L£l**>U ^jL SJpUj . (Pauli Exclusion Principle) *L£l**>U ^jL 
oLk^l>Jl ^y» jljJLaJJ ^jLsaj>-^/I l3 ijJLJL j-y^ jl?~ 4 L «7j^o 

|JL>- JLjlj <JL>*-a ^Jj_ Lb 4 la 51 li c JUb 4 j . 4 lJuLqJL<jJ| 

.IIjUaI 

• ^jVl ^^aaJ 4Jj^l£J^fl oljlJUJl (4.5) (jy^i 

C-A-UjlJl <U j-A 4 Jl^qJl Jp fl 

<~~7jlllj . Is jlJUJl 4 -Lq^i] Jb>0j IJjIj ^>- jjJL^U 

j|jL«Jl iiL^L o^IJLpJ ^JLj 4_aJLj Oji 

.iflj^laJl oJjb ^LjL 43j jAjb oji 


*L>-Sll 2.5 

1 ^ ./fla i £A 4_kj|jX« toljJlil olpj-«->c^ jl 4 oLoj-^iJl o\ 
i!uJL>cJl 4 j jJajJl c_jjjuj oljlJUJl O^L^Lij J^L>- 

J 

4 4j jjalJl oJLgJ Liij jIjlJI 4jjia_lj cJjjuj Jajl^lJJ 

LjJljlJLo bL»J LaJLJLP JULP 0j-5o ojjJl oil* jLi 

O^fLuo (4.5) J^iJl o^ 

*/2 1» il ^JLa .4JlLu^J| 4_JcjIjIjuJI 

L^jIjIju ^iil oljJLSl oLi c<JL>*Jl oJLa ^JL>iJlS .Lulls' 

^j-P LoJ 4 0 Ljj^I^JVLj iJjLllI— LjJj*' Alll^jo 4^>-jL>*J| 

^^JLp . ^ 5 jJ»-SfI oljJLSl JL^b j\ oL)jj_i5U| 

^ * **/3 1 jlp j j JLill jl^ jj| 4j «* ^ 1 i ^ jL>c ...<* 4 Qi <><ft 11 

jl 4^L*JaJl ^-JOoj «*LoOl JL>tIj 01 oji 
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jjJLS' Ojij oJL?-lj ejU j_& 4 JLj jjJlS' 

JsjIj j-Sl Oy^-o *j ^L?<JaJl £-L*j *UJIJ .oJL>-lj 

US' 4Uo-aU*i]i Jaji^^ii^ JsjI^jJi Ua c->!jAi! 

.(5.5) j£Dl J &+ 


4j^aLuu 4iajlj 

AjJjjI <Uaj|j 

/*.\ ** /.\ 

( +• ) \ •+ ) 

**.*** N^‘*.' e_ 

e .\ . *.\ 

4 * ♦ l 

•>.••. 

** 

* » < * 

\ +• / \ •+; 

**. ..*e- 

4 ..* *..•. - 

/ *..* *.a 

i ♦• A •♦ ) 

% **,..*** %#r - B *‘e _ 

; • f • : 

\ + A + / 

**.** **J*.p'** + 

Q 

*lS 

C ■ (jL_ i]Loi 

OJJ^W 



WjaJ LjI jjll :(5.5) J&ttl 

Jaj'jj (_s* L5® olji ^ Jajlj^l 

0jii LoJLip oLjj iSjUUl j .oUj^J jUj ! <U>j&Uj 
O jJUi^-l ^JUj IJU jiJl ^ aJl^Ijlu L^jIjIjlo 

.aUj^<JI ojJJl jIju jl <uU^<Jl SjJJI jIjlo ^ iSjLlio 

^-L>*JLj ^1 ! 4_*-j^-_j 1 Ja-j|jj j>-*A $I JLjjjJLS” Ja-j|^jj 

Lo^whj ^.. j) A ^ *■*^ < *^ 1^ Cj^ ^^ 1 ^' 

»<Mfc 11 L , -+. j [ . A3 1 ^ ^ OhXjU wA-1 ' 0^^ * I JjJLSCII 

^ ^ >/? ll i-Xj^^-LS' I ^ j- 2 0^U2-woJl Li«^t-*<wkJI 

.i-Jjj'yi ^JajljJl j-A e-^SUtiJl IJla , l ^*^LJ<-ojj^ 5' ^_oL>*J 
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. J jb*ji J JjH\ JUi Ujhp of SJjjVi a!*I>J 

c—>1 Jujl Li oil* Jil A^^S* l _ 5 1p Ja.A,^uj JjJL^o ^lj 

.(Solvent) c-^jJlJI l _ 5 ^J Lo S^L> jS\ a^ aJJl^u (Solute) 
^jjj VI JjJl>^JI .aJjjVI oLjy>Jl Ijl^>- Lj Jlo p'LoJl 


.ajIaJa^J! Aaj ^£JI ^ L>x_oLJ i_ o 1 ai^<*j LJI 

^jj o o jLio o^yL>t>s ^y oJujlp oLLwJaJ LgJ oJu^Ll^Jl oJla 

^IwL^c^^a ) I 4 JL<JI f ^Lp a^a) j ^1 

j .j js>x A^g. 11 ^j>x-LoJl JjJL>x^Jl ^-JLj a-ojLLoJI c->L*«LJ> 

ojL_p ^ (Voltaic Cell) AyJ jJJI aJUJI *L_*^SLll 

jZLvj . AajL a£LL JlJ jlJ AuJl*» £uo ^pLaIj ^j^j! (J 

.oLjliaJl <y oLp ajJ jiJl L^UJI aUJ 


CjIjJ 



H 

jj> 

O 

(jj^kjjlnll 

N 

UJ*J^ 

C 


SjiJI AjjUj ujUjja. 


H 2 u^jjA^' 

H-H 

AjjU.1 aLjIj 

0 2 (jj> 

0-0 

AjjLjj 4_L.^I j 

N 2 

N=N 

4_u^j aLj! j 


h 2 o *ui 





NH 3 j^Uidll 


H 

I 




H 


H 


CO 2 oji^ A^ LS^ 0=C=0 HCN o^jjAfcJ' ^jlu- H~C=N 

Aki^ull CjlLjaJl ^2 xj :(6.5) 


aJxjIjJI j-^j-t • oL lj y>*JI j^JLp aJLs_»1 (6.5) 

A-lg ^ . ^aaI^ a J I O ( ) aJ? j a>aJ AamJ) 1 
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jj\ j\ ( y ^>-iijl JL: 11 j . j-Jj^iCJL 

e3J-*JLoJl JsjI j jJl oJla aJsjIj ^SCJLj ol 

( = ) jJLj' l^ JLi^j ^JLjj 4 A-JJajIjjj <Lu llj Jajlj jj Lg_J[ jIJLj 
*<Jj-?rj %£>>- cs-L-^ (=) cL>}L5j 

a^jLj Jajlj^j oli)^>tJl ^^Jlp ^y> 

.^Ja^wwu 4j^-s^p d^LSJ^>- L«(7.5) 

4j^p./?*J \^ ./?* J' ^*p 4_oL a-<>w«_^JI j| ^Jl ^^hA>LtaA>^! *- ®^1 

^o juJiaJl iSliAj c->LS*4 j j_*/2_*J! ^1 j-oJl ol 

0^ 1 toL® AjI t ^ -Lp ^^Jl 

pLwq*a^J| . t__U^ ^-.p ^* a> 4 _j^JxJI LaS^*qJI ^Lwo^aS' 

p—LpJ . 4_j^- v2_*JI pLj-o^a^J| ^o ^j-® LajL<-1p! ^jL^JI 

^1p ^>*JI ^jJI ^-L*JI 


tlAi* 

ch 4 


H 

I 

H - C - H 

I 

H 


1 > 


H 

1 o° 

H - C - C ^ 


I 

^ N v 


O-H 


(Jjjljjj 

CH 3 OH 


H H 

I I 

H-C-C-O-H 

I I 

H H 


(JiLklL/L^ 

lS>*^ 


H 

I 

R - C - C 




H 




O-H 


H 


Ajj^axli LjUjJaJI { Ja3u :(7.5) 
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* 

oIlJjjJI LoJb JJO ^ya |JL>- O^oLjJl Qld \*/a]\ 

JliLo (Glycine) . a-j^I ^j»^\\ cjL^j j^>*Jl 

p-LiIi^Lj .(7.5) c; ^a .o. > «Jl 

ojJ ^ : : 1? J^$Li i OL* t (Proline) 

^jlpUJI ^ R j^JI JJL^j .^JLpliJl 

0j^ijj .4uj^Sf I I «wiii>^o J^SLiJ oljJLSl oLp j^>muo 

(JIJLJLl^Ij .H ojJlj R (JIJL-I—Lj ^ 

.4j2Jjl>t^o 4aJLl>oI Lk/?Lo^>-l o^5o ^^>-1 <j j p c^Lp^jQj> f .»< 

. A>tjLl]| A-J^SfI ^y^U^SfIj oVlJLl^-Wl (1.5) JjJb>Jl 

A_P ( j-u 4_la_ilj Ln£-*J 

£-° ^ ^yi (OH) 

\^J ikjlj £_* P-LJl oJ5o ^^A i^IlSlj I ^y^oS/l 

i-JLojJl oJUb jIjXj .^^JLuoSfl >lj| 

t I t *■> ) i o«-^A , I ■» > ~Sl i 4 -Lj^J? 

oL-Jj j-Jl ^ ^La (wiiv» oLkjjjVl .oLj^ ij^Sfl ^^Lj^Sfl 
Ol LjJli jl>hj oL^jJjWIj .<JL>cJl ojL^j>- ^1 j-^ 

jJ, .A-JLoJlJL) j-aJlIj ol 0 ( *y A_OL-*_a_^J| A_JLqJlJ| rya 

.ajj jjJl (wipL^il *ujj*0 oLu^Vl 

4-JL^Vl ^j^Lo-SlI (1.5) JjJL>JI 
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p * p 

Jl ! 4 _j j jJl y* OLpj-j J»LJ Jj>-j-j 

(Deoxyribonucleic Acid DNA) y 

y . (Ribonucleic Acid RNA) <Jjy Jl y >tJ\j 

<S olij0 <j-** ®j DNA 

.oJLpUj OjIjLmhI 4_l_*^JLo 

DNA jl>-jji . DNA (8.5) ^Jl^-JJ! 

4-L-m-Lwu y& ojL-p aJ<—■J j-J 

.Cm^ L Lu jiJ I ^ I ^JLkA CmjLSj^^" 

I) c^ l * ■» a 1 Lj c * * Aj^ ./? P - 1 * 1.11 4 L 

01 Cm^Lo 

c«ri ^*ji 

yy&\ yy jjJ Gj A olifJL^ jl^J .£jP>Jl DNA Jl 

c) 1-®^-^*-^ I L<cS' 4(8.5) t j ^wAJ ^m-wjLJ| I ^>tJl^ 

• ^wll ^jaAJ LaJ I ^ ^<WW>J I ^ ^y j^A L-J I jjS "X' 

CAiuijS 

„ *•., .*•*!* ‘ U*?^jV' 


"Sc*.;? 


DNA _JI cJji 


s ... * 

/•v,.:.-* / 






DNA ^ j>ll (j n.-t' l :(8.5) JS-i!t 
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^jJL jj ,4_JL_>Jl o^LJl .» >JI 0| 

^j-5j .jjLSOJl <JJJ| 4 jLJ?j ja^La) jJl a>JI 

V'jjJ' SjjLtJl 5 -q^jJLj 4 _JL>JI ^ (Ribosomes) oLojjj-jj^JI 

^Jl JLpI j-flJl .oLl-ajjJl 4 jjjJI ^j^LsJj-Sfl <ia—I jj ij j-«jp^<J| 
4-4—J &l1L_ 0 j—Jlj® JLpIj-Aj cJjjJ jJ| ^yi*j>Jl iajljj ^Jalj 

(Francis —Jlji ^j-^j^oSfl 4 _j^>JI *L^uaJl ^^qJLp 

oJub LLlii'l ^JUUI (James Watson) oj—Jlj Crick) 

JLJ ^i]| Jjii-I Jjl LIS' o j—Jl jj JJL j5j . jlpI jJjJl 

0 ^JLo ^^Jlj>Jlj t ^LJL Jaii ol I. DNA 

o^LJ - 

ii^aJl ^yb DNA Jl f-iSyr Jj-k JLp - O^L^'j 

<jJJl t-JL 2 Jl j_fi RNA Jl Lit . DNA Jl yl*j ^Jl 

• DNA Jl 4ila—<1 jj 

^-*^jJl J-pj .l-J jJl c 5 ^L^l ja RNA ^^y>- j| 

Jb>-jj RNA Jl jLj c 4 JL 3 JI oljJ L-.L-.I Jb>-jj l£JL 1I DNA Jl 
Jl .Oj-iJjJJ 4*4■» 1| L^jLojJj-*JjJl ^3 fL—<1 

^_p SjL-p 4JL>Jl oJLa .LjJjLkjj 4_JL>JJ i-ml—iSfl oL 3jJJJl (9.5) 

I I ^ *1 • A ■ ^1' ^^A^CaJ| I ^ j A I * at A iL*J 0^—J 

SjpL-JI ^ .DNA JJ ^UJJl <jLi- RNA 

0J RNA Jl ^ajj tLUJl fL-£l *ttt J DNA Jl iJpL*j Jp 

* * 

4-JL>Jl ollJjjj ^> 4^7 ^JJj .4-JL>Jl obuJjjj ^Ivaj ^3 La La |jj^ 
. DNA Jl *{£y>- ^ oj->-j-«Jl oU^JUjJI l-,4 —4 >«-< 
c—J>CJ Jj ^^aJJjJI ^JLvaj ^3 o^JLo DNA Jl oLojJL*>o ^Ijl>*i—.1 
. Jsll—* jJl ^.a RNA Jl ^lJb>«i—#L j J-^I^Jl 
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U*l\ ^ :(9.5) 

4 LiJLp^JI Jjlo 4 ^^>*11 jL£Jl jjl^j ^IJaij 

DNA _JJ LLSi lipUaJ t (9.5) JUjlJI J ioj^Ul oLl?jUl iJ^U 
.DNA _!l iUpJ ^llai^-l jl ol jJlb JlA3 .iJLkJU ^lill 

oLjL^JI Lo| .ipUVl 4 JUJI ^jj ^3 olJ| c5^J^ f’Ua^-Vl aJ la 
oLijl^- oJLwoL ^i^2j Lgjli U-jly 4 I 2 *JL*llj IjlJL*J ^iS^I 

^3 I ^0 t 0 JLjJL>J| oUS*jjJl oJu& .4-oljjJl SiLoJl oJbJl>- 

oLJ'bfl cJLa .4^jl Jl 4£>*Jl oUKJl pJjJ OUT jijJ 4 oLK^iJl 
I 4^>*J| oUL^Jl <OjJ>-j-o ^P L$ 

C-fLuK ^-^JalU 4-L13 *j-JLj 4j jla»1 4 ^wI*a>1 DNA _J| ^UpLUj 

.L*>UJ| oiJbOU oJjUo oUK Jl 4 JUJI 4-0 L>-1 4la...«t U- 

?oU>Jl ^ U 3.5 

aJL)Jl>- 4 j>«JLo 0 jjj+£> aUUJ <-Ajjju Jj, 4 j>-L>J| 

t LpjJj ^Lj wwUI L ii l Sj 4 -JLq-P ^P I Aj ^ >*kJI UK 
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^ ISLia lij Lo cJj^Sfl c-*Sl j-£-Sl 

01 Lu£*j ?sL>*Jl o^aj **-£-*5 cJ jju V irf IM Ojfli ^ >T 

Lo cJ j-aj W LoJ^j OLl-J^U jJL^lJl (j yi>- ^ lal? L y}\ jJalL Ju 

?oL>Jl ^y* 

(Leslie Orgel) t 2 L^-4 jj_aj Aya j oL>«J| 

^JJI 0 L 0 ^WJU JSLJI ylS^Jl jUU-JI 0L£JI» <ul ^1 0L£Jl 
L- LUIS' ^iaj jLS' . (CITROENS) L j^ku 

y^A LqUj cJ^ajoj Jj jl5_a^o jL£J| * iJLJl j^jLa-qJ| (JJL?- ISJ 
oLLS' y^A jJLp^Lo 4j| j| yl£dl jL^IIj fcDNA _JI oLo 

.j\£z 

jj ^ya ^LkJl SL^- <j-p f-Lul ^y 

(Norman jLojjJ ^jlS ti-jijJl oljJaJlj *lyaa31 ojbJ 

jL jiJjjjjb JyL ,4 jIjjJ| JLH^j oloJL! UjjjJ Horowitz) 

t1986 tjxJjjjjb] ^LuljjJl jL^aj>cJl iS^Luol ^a-o Li^l j!a^> oL_>iJl 
lkplya~)l ^-lIaLa ^JLuIjj ^JL> y?L>- J^Ixi jjj_A eJ^Pj .[13 ( J^ 
j_A jl L*j 4-aJLajuJI 4JLl*S[I ^^JLp oj ^yj .Ojikllj c^ULSl 

olj-SlslH j_A ^ ya ■» ) l 0J, yi-jJjJj-* f ■» *J2 ■» l l 

^JUo ^ip LuLslill olyUJI J-p <-^lyuJl 

.[13 ^ t 1986 c^iijjj- a] s^jJl ^o iL^i? oly* 

4_a_>iljjLj <w4jjLaj o JLp (Noam Lahav) c_jLaW ^j_aJ ycL—l 

4_a_>iJI oULSJl 0J v-#La^/ JLi ,®<^qJLp® jJaJ ^y-Jj oL^JJ 

^jjo iiUaJl <-3L) oljjrVl ^j-P oJLa-aj oL^ jj L^jJj CoJLLajoB 

J^-5J Lii jj .[113 ^ i 1999 c^La\] i^jL^Jl ^ jaU^J l 
J^Ljjj 4<JJ>cIjj i<w£pLm££j 01 oLLSOl OLs cc_sLa *)l 

.j^kjj a>> aiwij s^uji 
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a£j'iJLa oLL^? sL>JLS jpajLa^JI 0j-£j 01 
<jL jLip'bfl tjL513l ^^JLp <—«4£>*-il oLtflSCJl 

4L*o>- U^ip OLSOl OlS* lijj .y LSidl JLp Ij^li 1)j £j 01 4 ^y>- 
ljjj>tijQ Oj^j 01 0LS0I 4<JLcJl ^1 <~-jJL <JL>*JI j_a 

5-ljIjjJI oljl f-LlaJ^SfI .jjLSvIj 01 ^ y>A oLLlS' yo 

.olj-ilaJl L^ila^ljj O jl>*j ^yj| oLJSfl ^ J\£A\ <JLuJ i^L^oJl 

a ^jJLJl {£y>-^l I A_A-k/?L>iJl -c.j A: 11 <jjj j^> colj-iiaJli 

*lJL*Jlj .*|JIaJ| 4 _>«JL^oj i_jL-*lSl Jp ojJULaJl ^y>«Jl ^ISCU 

o La IDOLS' Ijl5ji>o j| oIjlij^JLS' Oj^j 01 IJLa 

iJU^JI ^ ^L-Vl >>^JI 01 U* . ^^Vl i^l 

.o^Uiil ^flJLp^iJl ^yb i f ]jOJl i>JL>coj i_jL-j^l ^1 iiL^VL 
Ojji yb a jJ>-^i\ 4-lV»L>cJ|j .O^UiJl jljiJ ^JaLi-u ^ 0** J*» 
4 j>-j^ JLaJLxj j .4_aJ>-jL>iJ| oljjJ-aJJ 4 jL> 0--WI JLp <^j>iJ| oLul£Jl 


<j>-^^JLpj ^y^-jLicJl j-Jj-«0l ^^JLp 4_JL*-iil ^L>*jo^L! 

.c^^O^oJl ^y>Jl ^ISOl JLJL* 


^tikll Jjjill 4.5 

^p oLllSLSl ol 4 £jjLl!I p.la ** ^y 4*LJL*JI jLLipI 

01 0j JLLl*_j I jJL? .4_aj>cJI oLjL£J| ^j-p Lo jl>- (w£JLo>c_j <^_>«JI 
L$jjI>o 4 jJLiil jl £jjJI ( oLL/? Jp oJLoil <-A->iJl oLalSOl 

Lo Lqjj oaLS ^yJl LjL5--J| ^p ^yi^j Ja 4_*_>«Jl j-p oLuL£JI 
(jliaj £jL>- 4-s^li^ oLiv> <y>Jl ^jL^JI c-^Aj • 4 -j j> " 4uLaLS 

?4-p- ja& *\ j* ya Ay- obis' LjI ^1 4 LJjLl* 

_ (Spontaneous Generation) ^UJLlSI JLSyOl ^ j+jl» jljlSJ 
oj-^-JLjjJI j a/2 p Lo jo _ <+y- j-*p ^1 j^o ^sLS jJL^- 
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Jj 23 jJ jltt LumuJj IJuJpQ jJa—jl J(S .jJa—jI JLaJl ^jLj 

^jjo dO j-^j O^J 4<_3L^Lq^J i ^1 p t JLalpI 

c^Jail *L>*i .^Lp ^yall ^Juo Jp ^--Ij y>rj ^^Ip <]j^JLo oJljT dJlS' 

jA*>- ^Jjl (Francesco Redi) ^Jbj y Jlk>)fl 

. 1668 ^Lp ^yUlill jJ jzi\ ^^yip 


oL o jJl5jlh-j *LJLjJI oLS' c^jljj <j ^Li 


a * la? ^JLjj £_v?j ^J>JU| JJL>iJ i yj> dJj_£o oiOjJlJl 

.^o^-Sfl ^>JDl ^>o 4wladl <3j<3^*“^ ^iLkiJl 




.jW>JL!l JLp jlyjLmWl ^ ol4jja3 d* 


oJLa .OIjujJI opJ p>j>JL!l ^p iJjjjco dJlS o\ 

t j £+J 0^ 4i>*Jj .^ylillJl jJjlJl 4_>*V? OJL>*J ^Jbjj 4j j>dl| 

oLi 0 jJLjT ^jlJj^JI 4-n a ^ la !l ^JLp ^»LJ WjJ 4 J Oj-So 0t 

: jljJL>- £l (Anton van Leeuwenhoek) 

oLoj^j pLS c ^yaL>iJl 4^.A^.A/a7 ^ ^|jL>d--lj 

d£JUl J} 4 JL>cj ^jl 5j .oLjy^JLj (wjL/?j jlSjj 4JL_9^ 

fl* JSljl ^ Lp^J^ ^>*d <y 

oJla (jL 3j-SJl ^41 * * il do Li oLjj oJUbl *1 a . 1674 

oJlSjj t j JJj>tL«Jl plxiall ^^JLp ?t>*i oj-ft t4JLijJl oli^JL^JI 

VJ, t lj* jJjill ol ^ .L$Uij 

.J ju j£ ^3 4jI 


^-*jjJ ^-l-J j3Jl 4 -L_jjl!I j Ljj_a_>iJ| ^JLp ^3 

ijj^aJl Lo j-aJLjlj 0 LS' Lo p^JL^ij (Louis Pasteur) jjJl^L 

^0 5JL-JL- ^jb >L yLiJUl jlJ jjJJ ***jSfl ^j^-LoJJ iJLjjJl 

^IxiaJl j4 la7 ^jJ oLj^SLJl 01 Jjl— L jJk y cLlS'JLSI v_JjL>«i3| 

Jl j\ Lp^i J4- r 1 ^ 1 & r 5 L cP^^ 1 


218 



j .1864 /^L~J ^ LaJ Lj ^ Am* IJ . <0 

4 *Lo jlSJI ^D^JI ^jlS Lqj ^ olS' 4 Lf >«Jl ^jL^JL! ^jLsJLlII 

.^^JalLS iLli 4 j J&j Ol t ^P <wis jj 

^»Lp .LqLp oJLqJ li^L^ LaJLiJl jl 5jjdl ^j 4 a * 
jJjiil (A. I. Opann) ^jjLjI ^1 \£ jaII ^ L*^£5l L>-l <■ 1923 
V ^Ullil jJ j_l!| jL ^jjLjjI ^yjLallJl 

^JLp c_5j jJaJl oL ^ys>jjlil aJI 4 4_1jJL>cJ| ^JLp <JjJL>hj 

Ol 4-^bJii ^Jl <JLp ^ L^p iilii^o dJLS' iulJLJl ^AjSfl 

oJLjL-J| c_5j jJaJl C^>cJ A_a_>iJ| j^*_P S^LoJl ( jji Lu JLi ^LSJI 

(j. d. s. ^jjjJUb iiijjJi ^jlp 

Oj^o 0 1 ol^oWL ^J^_$ .aJLi i» 4 4 * ^JjiJLauo Haidane) 

?ij5|JL3l ( jt^jSfl i^>Jl jS* S^UI {j* bj ^y>Jl jSlSCII 

ipji - A 4 5 * 5 

^jJLp ^ULdl jlS^lSI i^c>jiJ UpIjl# ibSfl (S^l 

JJi 1953 fU ^ cu-ojJ jjjJLaj j-jjljjSf 5--JU-JI ^y>j ^I 

lSJ'J'L (Stanley Miller) ^ 1 x 4 ^1j 1 * *<* 

^^>-1 LoJUp fjj LJLp oL-Ij^ c-Jll? jJLo ol^ .(Harold Urey) 

.*jJLl]\ ^p 4 Jj-JLo i-^oJLp ijjJaj ^Jjla:l c 5 j-^ 4-j-^l oli 4_jjj>iJ 

. (10.5) ^ ^L<Jl IjLf^ jJLo° 4 j^>*j 

pLo J-P ^4_ld3 Jl>- j_j ( jJ3 ^JLL-J| jMk-jSfl C-JL>*J| ^j-3 

^-J 1^ A l| oJL_A « 0 l 4 *** * 4 A ^ li . ij^jl^ji-p 4 _j^Lj^ 

J- 4 -d Lo cjjjcj 1 la 4 1 >- 4_L*_LflJl Oj_>-j-«Jl 

^^JLp iJL_>Jl J^i Lo *L-^>Jl fjy^i . (Prebiotic Soup) ft<-JLj>Jl 
oLj dOL? LjjL ^jjJUbj ^jjLjI ^ yii\ jjj& ^1 j-«Jl 

.oLpJl i? ^Ja 3 i^S^ASl 
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4 pLqJI _ 4_^_jL_a_j>xJ| La *L~^J| oUj-iLa ol 

.L-j^mwJ oLS'j-a _ j^LljJlj tjli-woJlj 4 

^LLl 4 ll ^^JJ, iiL^^L 

•o^j^^-II ^yLp* oL^bOtJl j 4 I ^^-Lp* j 3 LuJ I 9 

c—3^>L*J| 03 o j^j ol j^LOJlj oLwJI JjLa C->ljLwJLJ 

^Ja^l^1 ^LS^JI J^LliJl aIx^ILjIjlJI ^^jLI 

olL^a b jj>- j-a jL" *LJlj .i-^j^l ojJLaU ^yL^I (^jLwJl 

.bj&\ *LOl a^L ^ S^3jj o^-j j[ L5* 

JjJ Sjt-i'bfl c-LlS* 4 LjL^JI J^J La pLs^JI iiL^^lL 

L^sj^J| j^Ua^Jl £jA L ylS’^Jl JsLoJlJ ^a iaiUJl A-j^wdLJl 

j_oJl oL * ~y>. ll .^jbU ^j->*Jl Ls^L*Jl ^3 j-<Ll a jlj_>«_LI 
j^Ua-JI oJUb ^JJLoj A-uL>JI ^j*3 La *L*^«Jl ^JLp ALJJljl ^L*>l 

^a ^jLJI jL>*-Jl -LL>tJ .J^£j AjU jLJOJL pLJI pJj JLlP .Aj jl^ j>*J| 
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LalJ oljUJl oJla ^jJLi ^j^-Sf I oIjLaJI 

01 i^-^jLjSIL jL-^«Jl <J^L>- (jijn] 

.(jj^Ji) i-SLoliu^ilii 4_*-^L>- jl*4j 4^Lj oljUJl 

JJLo iiLkJl j^Ls^o JJLxjJ' LjJl { j/>jUu 4_*_jLj j ^ PI oLxjjJjlSI oJLa 
i*-iSn ^l^L *i3^i oU^joj 

.AJ\jJ\ ^jVi cJLS ^sll Jy 4*-iVl j] tuj£}\ 

.LjJljj^ ^L*jj *UJL ^a*JI ^y J?Lli3l IJla ^Jl 


j 

JJLhj aaa 11 jlal t oj» I ^ a w a«a J JLmj 

^UP iSLjb CURLS' iuL-o-L^il gj|yJl ^jljjJl 

4 ^ A A-ji^b>cJlj 4 lILa-JL a jJL>Jl >- ! A_>iJlj 4 _aJ^o( 

^Ip i^jjj — ^JLo ^kj Lu j a *> i Jbo , I 

^^L^j^Sfl .aJLjL«^o i_jjL>c_j Ojjj-T OjJL?-L c 1953 

< 1 * >c_j 1 ^ >-Lu^ JLJ olS' aa * j 4 _>c_jLJ| a a * w 1 i 4 -JL^oSfl 

y-T ^OLiiS'l pJ Jbj .iuL>Jl JJ Lo 
Aaa^L^II cijI ii>"l . (Adenine) 




aLaa^j oLjJ^>- oLa <JJ_^ 4-SU^S ^1 y ^LljI c^jL>- 
J^L?- p-LJLjJI lij^l JLrfLi 4 4 _a_jLa_>iJ| J-^-9 Ljo eJjjJ? C*_P*_J 
4-JLuoVl ^yL^-SfI ^lljJ ^Lp ( y 4 jI oL/?j_>*^Jl 

OJSLJl ^^>JI cJ^UJl _ pJl <£LJ ^JJt Jlo fjy>- cJ^U y 

flJUfc 1 A A* 4 I I oJLA «t^)^_J^_^Jl >i A AaA *n ^ L 4 J 4 ^Ap * ■‘-“ ^ 1 

^_p ^jJlSLaj ^jjLjI j j A/a: j L^pI^ ^Lk_ta ^jlaj a_a_^j_>«liJ| 
^JLj pj ^j^^SILj t5^ cJ^P jjJajj .iuljJl {£yt^\ 

IJLjj . 3 ^*->rAA> { T < bLi 4_>«^uJl 4upJl oLuL^Jl cj!a!] ^ij>- 

,-ii^ cM £^>*^L 
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- 4 j oVjL>«^o o-SW Jiij 

. 4 £L>oJl oiV jl 5 a-uIjlJI ^jSfl ^^JLp aj^xp ^p oU 
oljoL^ (Cyril Ponnamperuma) Lo j^Djj t5jj>4 JL5J 

** “ A * ^ A_a_jIi»LaJ| I cjjj-i? oj L>*_j 

Jij .olj-o^Jj-Jl Lfryixj LjJajjj AO-oSfl 

ol oJla ol ^Loo oujLj^ ^ (Sydney Fox) ^pS’ji 
jl ol ^ ~ j ) Lj j-S' *>L$Li 


j^>J|j juJI jJ iJlo iL«J Lj^ajyu jlip ((Microsphere) 

iillA ol t oL?~L>tjJl oJlA ^ jjI ^^Ipj .i^jJLdll Oj*a11| 

olojj>Jl t *^o Ip-jo *oLJW 11 ^olj_>c-flJl ( yja jLjjoJl 
Ojjjj ^L-*^£JI ^jlJ .a_JL>iJ| 4j^L>-I a_a_>iJ| oLljL£J| aLaa^JI 
^^>31 LiJuJl LjU U~iJ (Robert Shapiro) j^Li 
LJl*\ .Uj obj <JlS <S±» <.dji J *i'l (-LoJjJI ^LSJl 

jJlS .kJ ^ pj US' .Mjl aJL»3I 

J>- T j.i./3A ^ ^iaiil 01 LUjI ^^aA.il UUi ili Jl5j O L ^- 

,A^oj)i\ ij&\ ^jU- j-l./aa '. ^wi\ 

t-j^UJl 31 iSjj-i - j-4-" - jrij-o-* ^j- l ^ j - 

3iS ,jj^\ <_>*5U)I 3) <j\ 4<j*aSUj 31S o^->^ <s_p?3l 

3LSj t^^^aSUij M <j^jbU (jj^»3l <-»*>UJl 3LS ISli ! Li 

?(_,»3l ^plS3l s-U- ^1 ^-«-i IS) tSjjjj j-U« jj-Ui 

. (Panspermia) 5 «iJjS3l jjiJl* ^ oVU^-Vl 


ajjXJi jjJUi 

j 

^^iJl ^LSvJl 01 W>ji A-oj^Jl jjJlJl Aj jJaj JJJL-J 

oJLi-u- ^JLjj^Jl La-o^a_^J I .^3-^jLiiJl p-L^auaJl < «j^8 ^ys>jSf I 
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jjJlJ I ijjiaj f JLS (1927-1859) (Svante Arrhenius) ^ 

0 jti\ ^11 a.a SL>J| pJL*Jl j? 1908 ^Ip ^ 

Ol ^LSl JLSipI 0 jJiJl Li^r*< JjJL>cjj 

01 V} tSL>Jl ioJ^Ul aJS/I c^-oJl5 _ jJLo 

i ^ j iiVa 11 * 1 L>4« I hJL3 L^v? <-1*=- 

01 jji-Jl ( | s -xj *I^>-Lj 

^lp r fcl ^a\\ t_jj_>iJ ojLs^l>- j* ^Vl ,> ^1 ^K3I 

cT^ 01 <j-* pP^I 

I jjjLJl ij^laj 4 c5^l JjIJLj 01 ^4 tLjj'^Lkj C^Ju |tJ 
JJ^ 15La .l*sfct ^^>iJ pju LqJLj jLip\I cJLS' 

jjiJl ^pta 

A_Lj JLo ^o c_JjJLJLj iSj^J la a ** 1969 /JjJLjI 28 

.SjLLju 1 ^ 1 a L>iJj iS^dJl ( j_a ^Ja3 . LJl Ij J J *-> A*tj j^q 

4-i-i-i^oSlI ^^ y/? L^o.I ^*wj2j ioo*•*i Ojdui^ oA ^p ot 

Uajt tcJLiiS'Vl IJLa •<Sjj i - j^y° cr® ‘^'-'LJl 

t^jVl ti^kJl W <^1 

^S'Lol ^ 0.>jJ>- J^o ^^>01 ^jjl^JL! 4-^L-Sfl oLJLSl * l jlj 
^JlS US' t (Murchison) 0j—^ jj^° Oij-J .0^501 <s J >-I 

Ujj ^jSfl ^^JLp < r r jLS0Jl oL aUiP^I I 1 a jUaj! ^ Lp>* 
oLJl£ 15 La jIj 4^y^jL>«Jl *\*/2A il ^3 La jliL Lu jl? Oj-^j 

cr* p 

. 1996 ^Lp iSj^j LgjL JUJL>tj 

Lfc*«J oLS'jjj O^L^o ^^JLp La^-I y^\ SJp’ L>#ljjJl 

<_^>«jl ,yj ‘ tSrj^jii <_^1 <y^- 

lai. .?. nV I IwUb ^A>0 j jl| J ^ljwLJl Ol^UaJllilj i ^J j A ll 
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Jl ji Vj .\j T Ot VI 4 4 » E A A jfl li r^ 1 <y 

iiji LiL j£ ^jl^- otiSlS” i Cf* Jlj—Jl 

•tK 


ilLj£ ;a>u« 

^ J^JjyS' 4 _jl^oL>- (Frank Drake) lLLj* OJJl 
oIijIS' ^ y>- j italic jj^JI o ytfl ^ 

^jj^j 4-JLS0j| ^ jial!l U^jI yJL>«Jl ^y° I <^5£jl>- 4-p- 

JLjJ^j dJLj^ 4_taL*>o 4-mljJb I ^ £jl>- 4 _aJ>- oLllL? 

j^L^jo JUJLaJl jSf iiLlaJl 4 —IjJLj a-^qJ| IJLa .J^*/>LiL!l 

jl ij>Ji olilLS3l Uj-lLo iS*-}Ul Jj^iil ^ l^tiln^i f jA\ iSLkll 

oJb>-j JLi jl 4^j>- olijl? iSLub cJLS' lijj .4 _aj>iJ| oli$l£Jl JJL>«J 
^yJLp jj_L*JJ i-JL^oJ L^ljI ISLia oU 4 L 5 ^ 

.ipJl o1^jIS3I £0 i5il4311? j}[*/2a 

kill ^ ^ 1985 i (Trefil) J^J] ^ JLj* 5J^L^ o\ 

:[2002 c (Shermer) 

JV= ^/p«e/l/i/c^ (5.5.1) 


JjJL>«Jl ^ 4>L^>yo (5.5.1) 4_tal*-«Jl ^ olyJcuJl ^yLa^o j| 
dJL^p ^|ji>ti^i| dli£*j l5^1>«j ^^JLp .(2.5) 

ill—l .4 JLqJL>c^q j 4-LoJL>t>o ^y^jSfl i—^£jL>- oLl>cJ| (jl y-A-*li 


4 (Carl Sagan) OLpL- JjL* ^JLLSl c J-Jjj-? i^U- ^ 
ol dLj^ 4_takc«J Liii>«jo pJL> 


O^L .[302-299 ^ U980 OUL*] iJU^o ^jSlI 

oL>til ol IOJLj^ itaLa-oJ 4 ^JLi>cjo \l£*£l C)jj>-\ 


. 6 «jjU ,y>jSfi 
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jiijj ibu* ol \jiic uJi (2.5) 



JS^ 

4 *SJJ 1 oljL^Ll ^JLp 

N 

(year -1 ) £-J1 ^JSOil Jju^ 

R 

(>• 

fp 

0* 0"^*“^ <^-UoJ1 <ilail1 ^y jS 3 l ^JLp 

n E 

sU-i ^ (1 ^ju aJ-uJi ^ .ji-i 

f L 

oL>*j ^J1 jS 3 l f-jJL-1 

fi 

jl l.^.:.^»i oljU^p- ^JJI c_^SjSOJ oLi-1 ^ *jA-1 

u- 4 

f C 

ojLs^i -1 1 ^ it ^|—^l^ij u< i)1 (olji »-I1 j) 4 1143JI oJiLI 

L 


(Donald ^jl^u jlSUj (Peter Ward) jjlj yLu cbL>- JLiJ 

ol£* <^1 ^ jj4-l?- oLSlS ^L>tj| <JL*i?-l oL Brownlee) 

oLuL£J (JL^tl ol ^LJIp 0L«uj Oj-^-SI 

<Ljb J-IjIj-JJ ^jlj ^-ylslj . L^LdpOo 0 |JLJL*j ^iSI 4 -l>- 

:iJli5l Sj^l [270 ^ ^ 2000] iblxJ 

N = iVMw/s^P n BfLfcfl (5.5.2) 

^3 ip^-s^ j^o (5.5.2) 4_taL*-*Jl ^ o j_>- j-«Jl ol^ JOuJl 
^JLP jJJL5j ^_P La_p-I jJ JlS ^^JLjjljjj ^jIj ol -la^W .(3.5) JjJL>«Jl 
tJlj^k-Jl jJb>-Sfl ol oIjlSiajj ca^SS ol jU^j ^ydl «*_*S 1 ^£!I 
c L^L>cJl ojlo oJlSjca a^j>- oLuis' p j .111 <uJ*>LJl i^SIj_SLSl ^jlp 

. (Metazoans) 01 jjlv 
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- ijlj ^ iij\ j$ az Jl (3.5) JjJ>«JI 


J*' 

jjat 

L^i-1 cJlIjca ip- olijlSo yll (—*51j5U 1 ^JLp 

N 

<jLi 31 s^ ^^JLp 

Nmw 

oLi-1 y-jJ ^>*i)1 ^jA 

f s 

f u* 

fp 

,^-Ji ^ iJ-UJi iikii j ^si j£\ 5 j^ 

i*e 

eL^l ^Jaj (^p- ySLJU <i-U<aJl j5l]l ^ f-jJL-1 

f L 

O JLn2« oJLln^ ip- oUjI^j (—*51 j5li1 ^y» f-jJL-1 

fc 

oJLaji^a <-p* oli5l5 (_j3J1 (—*5yUU el_*J-1 j f-jJL-1 

fi 


Cr° (2.5.5)j (1.5.5) y» 

yb ^lil oL^ii ol^jJLdj £v?j i-JLlfllJ LjJl 4 4 j jialii ip-LJ| 

1 1980] oU-Li Jli t ( yjLJl ^jlp ^jlo yl .Ij Lj>- <ij j*~* j*s> 
.4x 10 11 Lj jJU ijLllI <wJj^ oy>wja ^ ^JLP jL [299 

^JLp jl [267 4 2000] ^jlj JLS 4 ( y£L* Jbuj 

(jliLl>cj jl . 3 X 10 8 Lj jJ3j iiLsJl v_Jj^ oy*jo 

^jJLfllll jJb L^jI djJL?-Sfl ^jJLdlJl (1)1 ^JlAjtk Jl yoj . 1000 jIjUL*j 
^ U^LLiJl JJL^ 4 JU 4.*JJL5JLS' yH\ jLS' IS} .iia jl^Sfl 

^3 y >-1 yS'Lol ^3 oJLjLa^o 4_*j>- CjLLj L£J (JL5LH f- j_U 4 _aJL£jo} 

ijjjiv 5 L<aj| yb (ULy iS^L^o ^ ^J ,>-Sfl oIj-jCuJIj .oy^Jl 
c,a,.^h a 7 15j_SLiJl oJla .ojJI 4_pj ^JLp L$J yoULo jujl>cJl! 
Li£*j Lo .^JL y? jlJLLo yu*}Lo yo iV oljjJLdj OjLalJl 
oLjJ>JI JiLo 4^>JI ^.L-Vl ,LJI oLJ 0} y> Jyiil 

-^pJu Ujjj P-L^a-aJl Oy -jja 4(l)LlL^JL5' 4 lb***.Jl 4 -Jj * ll 
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4-j $1 * **» 11 ^1 ^JLp oL_>«J| JL£-l£| ( j^a 

.^Vl Jl L 

cl^ V Lflli £jL*- SL^- oJj>-j o[j 

jl iJjJ J& ojJj <la— I^j La Jl L$JJD ^^jSfl oL>Jl O^j 

J& oL>«J| ol J Jjl>J|j .pL^Ldil iu ji> oISjJL>o 3 <la—I jj 

<1£A>o ^jUJl p-L/a^il ^ Lo jLSLo J oLu 

^UaiJl ^1 <>• J ♦ oL>«Jl jj\ 

L>- oL_>cJl I *t> A <0 A-tA^ aJ^I kX^-yi Aj I 

Lo fL-^>JI sLj>cJI Lti^o j_a Jljj Jj_JL«Jl j j *^a*ll oLi 

•4ajL>cJ| 

^ 0^ Jl 'iVUSIII 

<^Jl i?j^lll ^ bJLp (Richard Cowen) *Jo- 

iSLkil J\ ^Ls^Vl pj . 7 ^l J[£l\ Lii^J ^jj^> La^I 

oLj J_>*J| ^ill>tj i LjJ j_£j ^j^>c-»j .oJLfljtjo Ajj_*^lP oLjJj>- 
• *{£y^\ J Aj j-SJl Aj^kiSfl ^jA AjLj*- Jl 0 JLflJC<jJ| 4jjt/2*]\ 

ol I jl t£-L]| t-tL-jSfl ^0 JbJbJl 

ol ^5^*-!! ^I^JL! AjjUa^ii A^jLo^SOI ilj-«Jl .AjLlpJI oJLa Jy 

<J* ^ji J cJllJl J* ijt-Zj ol I^Aj .ojSyj 

jJ ^^.Jl ^L^JL! <oLa»^S1]| *\ j-«Jl o01 -o*j ^JLSI *LJI 
o^tplii!l SjLL*- ^Ijjo I jtJLi .dJLSLtJ 

*lj^Jl ^ oU^I .^1 l-lul ^JLWJI a^L^£JI 

.SjUsJl Ajj^ajJl 
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^ Jte J\ JUsiVI (4.5) 


oUil 

SjkM 

j ■/*£■ jtS- <0L +/i ^1 j-4 

1 

4jJ^lP 4yjl. il 

2 

ollJ j jJlj d)Lj^l)1 l)L0lJ-1 

3 

Jlill tSlj-I -L>-jJ *bl) (prokaryotes) ^ j-JI ol—IIJu 

(LjKLJI 

4 

J-j— Jp ‘ Sl_^JI <jjy l yi+-) (eukaryotes) \ ol.S.S^- 

(L-Sll Jlill 

5 


Jjlfl J J j_JLo j^Lj JJJj (4.5) JjJL>J| ^yoijLj 

jA^<a ^Lpjl JjJL>Jl jj^ajj ,<j j_va_P ^P iJUJ J j^o ^0 ^yJl 
Aj j| a/3*J| jj£* 4-uL-«-^J| J ^-oJl JUJ ^jo ^jL-q-JJ| JLu 2 _aJ| 

Lj^iSJI ol jlSixj c^Lp .<JL>iJl 4 j^L>-1 Aa>cJI oLuKil Ja^J 
Jl & J* L> 0 ^ ipJl oL*l£}| JlSllt J«—it ^ 

cJLkij DNA Jl iipja-o oU 4 LLL* lojj LJj . RNAj DNA 
^ RNA j DNA Jl ^ JJ ^jj . L . RNA Jl 
qJLpI ^ ol * ^ J I tjl L ^JJl 

^JlS' oJLpL-uo ^0 j| ^JaIL-J oLj^JJl Lot . iu>-jL>- 

^-J j . RNA Jl j] DNA Jl Jl* Jftii ^L^Sf J>» ^ 
ioLJ A-oJl oJU3l jJj ^ Ijj^ oLj^Jl o J lij Lo L>w>lj 
J^JJJl jl ^Lp J^JLj *L_?-Sfl *ULp jl5jl>i_jj . ^^JjSfl <JL>JI 
.LoLJ jJJ (4.5) JjJL>Jl ^ ^JJl ^ylfijj^l 

(4.5) JjJL>Jl 4_lJj| oljJa_>Jl 4_P 

ip- o J15 jLip^I ^ L*JL?-lj J 1 1 /^ U l“ . £. ±y5 1 UK 4^ ■ -■ > 
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(Smith, and it**-*** ^JL>- 4<Jli-*Jl ^1 p .I JLj 2_*7 ^i£] 

<jjjj^ oVU^7l iJLJ [19-16 ^ 4 1999] Szathmary) 

I (4.5) JjJ^Jl ^ 3 SjJajiJl ^jo i3 jj>«jl1J 

I Jj Um^j^ Ucj I ^ a-j>dj 

oLp yaj>^ 4jLpLal«JI olijjj>Jl JL>tij i 1 JliiiVl ® 

4j^I>c-«J| 0 JLWU* ,(o o j + 0 ^ ^jA 

Mj\ <JL?- <ipL^!l oIsjJ>JI 

*-o 4 jLpL y^LoJl oLijJj>cJl ia_Jjj 12 JliliVl ® 

.oLqjjj-oj^ 

CftI (RNAj DNA) jLjjjJl pl^^>Jl ^ :3 jUitfl • 
JpUiII oliJjj-Jl ^jJjj Ujuj cA-uljjJl oLqjJL**JI JJDj ojp^j 

<JLj^p ^ oLu jl 5 oj^o jl oJULioo <JLuJ| oJjb .^jLa^JI 

iwijLkj oj->ol Ji RNA JJLo oLijjj>- L$_*i o j^j ia*-* * 1 

ol 4 < ) -J l ^***1 **** ) ! ^3 4LLkA*£ daAJ >Ju«P^ 

cj j j la 7 1 * a** < 4 la a** «j| 4 _j L^l>cJI \ 4 Jl2:rtl # 

.(Organelles) 0 L 4 P ^*^7 4 JUJI 4 j*L ?4 oLS yj ^jJu 

.oL^uJl iJ^oSft P'l^-i^^cJl Qjj.A * * 1 j )*\j jp^d\ 

<JjJL>«Jl 5 ojJaj>*Jl 4 oj_laj>tj| ^yi JLillWl jA (JUllj'Vl IJLaj 
•lS oiJJ> c*5jjI t £jilI oLslJU oj (^1 - (4.5) 

oLpj-«j>o> 4j*jljrtUI ol^L-*iiu» % yi ^57^7 :5 JlSiiVl • 

,Lj>-jIj7 4 la..till t *^o 

oJb>-ljJl 4 JL>iJ| oli 4-^>iJl oLuL^Jl ^jJUy \ 6 JliliVl • 

oJjCLa oLjJaij 4oi7U j 4OLjI y^>- 
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aJo- ^JLp A^>*J| oLuL^ll {jA JS* ^jJLj 17 JliliVl ® 

iOI^aaL^o 

^ (Primates) oL-J^Jl ol^i.>«^ y :8 JUilVI • 

. AjlUI Lilj j 4jjjLj oLc*I>c^ 

l ^Jl jjb iJjbj coJu jj ^1 o^Ldij^U ipj-«^>T-oJl oJla 

^jA JbJbJl i ^lla^ . ^ B Lgjtj o'y ^jUiljJ l****l*m l g.si j 

J~*d\ LJ gru a t -AJl o^lisftl tSy-Sfl o^Ui^l 

JSL 4yy>Jl iiycJl Jj^ <y < 5 y-l ^ *J**~ y» iiy3 j » 

.(JLflijNI aJL^p 


J-Udl 6.5 

ciSOaJl :L*I^ y ( yv i J1 ^I oltflSJl ^Is^j 
iSLUl ^j^sJ .[3.5 p-Jtfl 1 1999 t(Mihelcic) v^JtJL^] iJUJ3l 

F'IJLaJI l <ol^ ll ^>34 ^u 1 *>Qi .<j| AIjp -q- 1 I j o^jJLjSiJi 

^Uaj <J^L>- 4-aL^£ll j^LjJI yj JLj ^Ijj ^jL£1| Aj JL*ll 

.SjlyiJ> ^JLJ cJliaJl AjLjj J iillaJl jl 


A L ..*1 jj 4j^l>«JI A-»jL-®^l^J| llJUU jJLS Aj jJLia-oJl A si la ll ^yy ^1 j 
^jJLp-j .JjJbjJlj Ji* L*-k-J Atla^fc^Jl Ajj^ajJI oLjyJl JJL>*j 

^yy^Jl iay^-JLJ jJl oUJl J J * OLi i (J J* y>Jl <_£ yl^Jl 

A-?lLI j ^LJ^I jJU^Jl LJLp a ^/Jl .^*.111 yb '^LoLS' 


jl 5 ^^Ul j .^jVl ij>Jl oLsl£ll ^gj>. <L-l^Ijj ^jl>ilLl^<jJ| 
^JLp A-jj>«Jl oLijISsJJ jl j^tL-oJl ajLLJI jJL^q LqJ oyxj 

^yy^Jl L . > ^JI ol [ 1999 ] (Gold) jJj^- ^ysl J 3 j .^yjSfl 

ojlyiJlj I -LLilli ^y Ajlkll ^yllj ^yll ^y»jS/l JL^jj 
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4-0 3 Ldj I ^ ^ I 43 1 1 l^l 4 ^-KL^uMhj I P^—4^ ^|j ^-^tJ ^—O 

4 4-oL^$ 1]| 4iliaJl Jlo 40 JL 0 L 0 4j J-^>~ 43 Up j^L^o JJ 4 ^ 


^Juwwo^^Jl . J-02JI ^ 4 ia— ol jj 

OUU-q-*J| oULa ^j-^aJl ^J-JLqJlI! j 4^-^L>-*yi oLlU 

.(11.5) ^3 0U>wPj^> ^j j -b ^ .li 


^uu ^jjoi\ -i 

C0 2 +H 2 0 —-> C(H 2 0) + 0 2 




^ykjj ,p| oJL*I^!)Ul 4 -j-JLpI ^3 ^j^_*^Jl J^lojUl ^JLjj 

4-0J^zjl iiliaJl ^J jJ>xJL) 4 ^-3jjjJlSGl 4 -o^L>- 4 C->LjJ| C->L*-«-oP 

^ 4LL-<>Jl oLJU J- 02 JI 4-JLo-P Jt>L>- J-0 4-o43 Up 

oLijj^o j-° <j-° Ja-JL?" j-fe i J-- ; _3jjjJL^Jl .(I) (11.5) 

L~a J-JjjjJiCU jLS'^Jl oUla .b J-JjjjJl^JIj a J-JjjjJl^JIj 
.(Photosensitive) pj-^aJl ^Llo>J ^L^SGl 3lj_<Jl j^li-o 
0^ j j£j J-J^^JLp c5 L _^UI oLJl Lj^Lp-j 

UoJLLP g- j. !l j J^ijjjJL^Jl Ja-Ji-p- 

^3 o3jj>-j-<J| oUj^ j3j jj 4Pj-4^aJl ^Ual^L p- j^aJl ^ULp- 
La^-w«I ( v^ooj Uaj|Jil 0 j £J 4l-^p- ^jJLpI 43Up jlJLo 
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oL)jy-SLJNl oJla Jy jjjJLSJI JUi lilj . ib-^ljj 

Ljji jl>iJLj . aSLSUjl-qJI pLqJI L^Jj * * *■»*j> aJU i Ay LbJl 

^ybJ jSil pLJI y y a>«jLJ| ^>*-**5^1 

^ylij pUJ) ^yJJUjJl J^-Uj ^jJLj . O 2 oj^LSl 

oLuy- C(H 2 0) 0JL^I 

a] jj£ ,jjSjJL>J| J**lm JJLo C^H^O* iolxJl 4»Ayaib AjyU^ 

. 6 x C(H 2 0) JJUjJ C 6 H 12 0 6 Aiydl 


JJUjJI ijSL^ A3 Lb AyjA^ail iiUaJl JjyJ OPUS' 

.[ 302-300 y> c 2000 iuJl y 14 y> { J r ^\ 

jA\ LS ^±]\ ^jLJJI y olwydl py- Jju: iA£S\ s>biSJl «Ju 
A-A-kiSH £yQ*->«-J opLjLSj t j II LyIJL >t a a* I 

^yiI 4 ajUq»aS3I a^JU-hJI opUS^ 4 4 b$b*> II A*.»K.bLiJco^^^SLII 

.4JU^S A311? AaJ j^j| A3Lk]| Jjyy ^yJj 


Jlpt-Vlj sjuS^Ij ydl cj^ApU; 

A3 Lb V iJLk!l Jjjj>tlj ^y j-*^aJl JJUjJl aJLj^P ^ jjIj 

AyL^A^Jl AillaJl aJU^P ^jJLjj .A_jjy>tjo AyUo^S' 

OjUljj .^yJl J*IS3| aI^u-Ijj ly|Jl>*I—I A3 Lb Ajjyk^Jl 

4*£LJLJL^] alJI y 50 ^ iuJl y 5 y ^-UnJl aJUp OPUS' 

.[238 ^ c 1999 

aJU^p y .(Redox) JlyU-lj oJL^Sl aJU^p y> 0} 

jl jl?-I j Ojy-^-IJ, JUij Ojy-^-Wl ^UU ^jJL oJi^sSfl 

jlJLo .^a u JjyL^JVl ^jU Jl^slju .Jj y£JWl ( y^aiA jJi^l 
.LJL. Aiil^j jlJLo ^vajj <Jy>y Ojy^I^fl JUi>o Ul .lyy a£31£j 
^- yaJj oLj j-^LJJ, olji jUUj c^j-UnJt aJLo^p pLl?I ^y 
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4*1 ^ P ojLaPI ^5L*j - fl ** l i 4*1 ^ P OtAI ^JpLd) 

L$ijL£ j SJL-SSfl JpLjj <yb JjVl « ^la>Jl .<j-j y° 4 jj£* 

:M *jj^S\ J* 

C(H 2 0) + H 2 0 -> C0 2 + 4H + + 4e" (5.6.1) 

Oj-Jj^U jil^sJl jlJLo LqJJLP 4_*jjSfI oLjy£Wl (jJJalj 

.OjJ^Jl ^Lj ^4+^1 O^j^S'jjX^I f-i£'S>- uf 0 ^y> 

JI^l^M J-pLfij <yb Jl^li-'yij SJL-L^Sfl J^pLfij i-jllll 0 j_ki*Jlj 

:4JUl Sj^aJl ^jlp L$Ijb£ ^SUjj 

0 2 + 4H + + 4e” -> 2H 2 0 (5.6.2) 

yo C*ML>;l yJl 4 _ajjS[I cAJj^S^I p jJLj l0j-ia->iJl eJjb 

*<£}** 0 jiL^Jl jlJLo qJ *^*rSfI JpUj 

SJL-L^Sfl yo 0j^«Jl J-pLisJl Lot .*L«JI *{£y^ ^y 2 

: SJLdl Sj^Jl JL> Jl^lj 

C(H 2 0) + 0 2 -> C0 2 + H 2 0 + ^redox (5.6.3) 

^.JplizJl *Lj! <y i tf ll aul l iSLlaJl <y* e^dox 

•ji* 1 * ^ £±3j*^ ^ i jz*zo jJz oLjyS3^/l iJLp ot y> 

^ 

j^cj ^i ^^*JI OhJL*^^^Jl 4 a£>cJI ij^L^jL^Ul ^jA ij^LLull l 

Lj^iSLJl t yo jjSfI »*» .4_*iL iJL^S' iill? ( j—o-^iJl *j-v? 

H2^ Oi ^ i>il 'Tl * i^ij ^ ^ ^ A ^ 

l^*sSu .(c-<) (H-5) J^JI «^~JI JpUdl 
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* 

( H2S JLv^-i I JLuJ^aS' ^IIaSoLi ( ^LuO ( C1 <J^aS3| 

Jy^\ J-UlJl Lj-sSu .C 2 H 5 OH JjJlS#! dLSOi; ^^1 


J-k*] ^1 

JljJ»l LfJ .1 


■iSfl ialal» ^yol./a~<al 

II cu^J U-SVl uki^j .[302 ^ t2000 


.ajJs- 2U» j ^ 1000 x 10’ 9 J1 800 x 10‘ 9 y> c jI>5 

^5j A ^a)| j oLiU j-*^Jl ^^dLoJlil ( yu ^L$Jl 

^dLoJ*Jl , a)^>c-qJ| Au j} a/ 3 1 i AjUaJl ^ \ kA_>cJLk>« I AdJ^jJa ^3 ^- 0^0 

4j J^>*Ji AuL^^d} A3Li? Au 45 H 2 JI vJ^jloll 1 ^^ 1 I 

dJULfrl^ cdJJi dlJl ^ JLaj Lo ^ Lp|Jl>oJ 

yo 1 UJ>*j Wj id^vaJl iSLkJl ^Jajco ^ j^aJl JdL*dl 


.idL^S Ainas' iSLiaJl 


UF* ^ P ^-u Jij 

dll ^^ylj^Jl ^--illll Aa-Lj^P 

L^iSLjl .<^~sSfl pH *-J ^ ^Jl ^Jl^Ul 4 °2 

4 (NO 3 ) ol jdJl Jdo Jj ^iSH’V 1 O^Lil^o ^|JL> 0 -*I L 4 ISL 4 id I j-A^I 
JA VJu (Fe 3+ ) ciLjjJbJl Ojjj jt i(Mn 4+ ) jjliiJl j] 

.[239 ^ 11999 t *lLiJL^] 
u^i iiUaJl ipliv? ^ idljjb^Ul L^iSLJl jj^ yp 

- olj^Jj-Jl ^ yaA 4 dljJb^U| L^lSCJl ^Ja^-J iaii 

.Ja-iJl ^Ld^/ 4_*_®Llil _ Ajj a /2 n j| olijJ->*Jl ( ^o <JLjjJa 4 JL-JL- 

Ap-bJl ^0 . yd j-Jl ^yl>iJ ix^L^«Jl 0*^1 LJLi Il^db IJLa 

JJL>cllJ Aj j-laJ ^yb jLiJlj la ill I ****** j-H ij jJalll 4 j^^Jl 

LJL>cj ^y a!> J3 Afcj|^_A*^\Jl Ij^Ax^idl^ 

yj>- ia^>t>o Jb>“jj 4 jL (Jj-5j ^lil A*-*/?j-iJl ! Ajialll oJL^J 

^.^ill ^ jl^iSfl oJLa ^jiSLu^i .[1999 t jj^] (j^jSn ^ jL»j 

* .JB 
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1 t*£i* 7.5 

o* l^ 1 yLiaJI y^ y> isoy^ 1 fAP' ^1 

j-^-ajlSIj . 7 <^j>tJl oLljLSLSI j_j j_>iJ jl tJj_>cJj c J*>L>iJlj (Oy 
^^i3I aJL^I c^jI^axi 3I ^j-«-k*ij (Diagenesis) 

Ol c-—*I^13 <^SUjj . (Compaction) J>Iy3l j (Lithification) ^>o«i3l 
oLpI j-i3l O^Lx-Jl JUijLj 4 Lj j| 4 jJ>*j>iJLj 

iajjj ^jdl I 0 ol o^IjlJLS L^S* .4-*jj jJl 4 ul>oL-^oJI 
4^oL-^o <3 ^ y*^^> y ^6 j £-* lj^31 oL-l!>- 

. (Cementation) 4:u,-ll ^X.-.T iJU* ^ ^^JL^Sfl i_..»l^1 a" 

^jl3l 3aw.^flj Jai^aJl JUjCL-*| 4JU*P jA ^^1 ^l3lj 

'sH\ ^JlSI ^ypJl ^SlSCJl p- j-kiJ ^ laa j JLLLk-u 

oj!jlaLa^o^I oJLa ol y* j_>ti31 v^jIoa 1 .*>.»31 ^J[ 

j a 4o* <3) jA La^amJSjj <uiJktS' La^a^jJj Ol t i ^ .■* . .«Ij 

JJLjCuJI J-JjJl oljj>ti J-J-P ijjXiJl olj-iiJlj olJLALt^JJ 
4 ^qJLaJ| oLjjal3l y^j Lf *^SjJi c_S^L>Jl jJu^gja ^Ixj ^l3l j sjlaLL«JL 
jiailL JjUij jJl^jo £c^y>ji j ~i3l IjLa _ji ^jJLJ .<^iLeuJl 

. (Abiogenic Theory) ^yUJLdl *^iiJl i^lajj 4 (Biogenic Theory) 


^SjJl llu3 oJjLJI ^^1x31 i/\j Jl ^ P-^kllJl i^iaj OJ 

<>• £y fy4 p-j-iiJi ^ 

^—^^-<2-31 yjj-£Lij 4 ig j ^ » l l ^j-o-k —j 4 ^j_a_>iJ| ^L-4k^u^J| 

oliLu JJL>*Ijj oLl3l loJLLP . JLxJI j c la i 111 j 

<-*_LP 4_jj_va_p o^Lo ^jj_^j laSji 4Jli 4 oLxJLl^^jJl JJOo 4_OLo 
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-WLU li| . (Peat) ^t-_>«Jl ^ ^ 

* 

h\y>- [ * J?\J>- Oj-9*-t-«Jl ii-^>cJl ^4J t ^-jLlI^o jJj_a_>- 

<_P 1 Ol . ^j_J JLjijJLfl la » 

^ iULo^o aJL^P 0 ^-> JLfilxjj ,^j 4 -JLjP aLu^Ijj ^ 

.jlxJlj JailSl LtJJj 


iaJL?- jjb Jj Ji3\ ^jLJIj ,5Jj jjl £jlj*Jl J* jUJlj -laiJl j| 

jJz o^j^S'jjj^jJl cj[Zjj>- 

JLp JLqJL*j lJUbj cAjjLp jl t <JLjL>i jl t A A */> QJ JL?-j_j 

^yJaJl jlxJlj «Lj-| -la-p^<Jl -la—^!l law^j ojlj^>- y 

J* o jjJjjJlJI ^ Jl oUi qLl J I oLp 

^jIjSj iJj^Jl £j|j*Jl ^^valxJ Jl£]| .jLjj Jlj 

14 J| al Jl J llj O^jJ iuJl J 87 J| iuil J 84 ^ Lj? 
J^l-1 otrZ~J >^si H j 0ijjlLo <lJl J 

,4j j^>*Jl j^UxJl ^jlp I'-tAj 


J^LtJl i>tv?j-o <JjjZJl Oj^lJ ijU^I iJL«jJlj 

i^JL>tlaJl J* a-l>iJI oL^L£]| o jjo £A aJLojJI IjlJ .(12.5) 

oL—Jl <jj_msip oLliiS' a-l>cJI obuL^Jl LjL5j Ji—J . L^-JUIj 

<JL!uo| ^yb jUcJl oL*-»3 j ol^- l>c-J| oLj^ .<JiLo aJLj ^>c SJLpUJI jjlp 

<j** Jl JLn*Jl ji Jl .U55UJI jJl oLlJI ^^JLp 

ixv?^- Aj o^LoJl 0 t ^jJl j\^ j .4 j oLLiJl 

Jl jllJl <ia-L>il jj J j_>hIj j ( ^JLjIJ1>o 1 aaypj ojlj->- 

LA^lj p-L«J| AjliS' ^jj| o^Lp £j|JajJj 


.JULva-o J oJLil^o j^P jj>- JLaj ol Jl JLpSfl j_>t j 

* * £ 

. LJjjIj ^u^aj 4 -j- jJj£>- SJt../a< ^3 j ■ [j !l j 
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g- jfljj -£ “M O^J tlij- “1 


jUdij Lim ^jaaJi f jAa :(12.5) Ji-ai 

^liJbJl *jJSjJI 

Ojj)j jL*J|j Ja-fljJl l 2 LLa |JUj 4( m £j-a->*JI 4-jjJaJ ^9 

^Ja +ji i-j jJLJLj j\ ^^JLp a_*_>*JI 

J yOj ^LdUl pAj ^Islj AjjialJl oJLgJ aLjJI A_«^?I 

j-Lj ^L£j oLJU^p iJli-A oL _j 

4j J&j ^Juj^ Jlp-I 4 (Thomas Gold) Jl!jj>- jJ .JjyJl ^jj^Ij 

, ^ -3 L$ A<wj ^%-j * >JI **«« i ' Aj j la t 0 ^ ^4 >n> < l i 

pL<>Jl«JI olS' icj jJl dJUS .j-JLp ojJi-Sl {j* 

^ o 2 JI {jA jLj 

^Uj jl) ^ilS’ ^jj-Ul 4 1846 ^*Lp ^ yy \*j?r 

^y ^ji\ y±& ^jJuij (Lord Kelvin) (William Thomson) 0 y^y 

.A-L-WW JJ-JL* 100 J->" 4JL 0 +&.*** il Jj-J>r ^2. ll JjL*-0 

(Antoine Henri ^jljJajI ^iJl ciLliSlj 

^p jjJLii] JsL*j yj 1896 ^Lp ^ J^LidJ Becquerel) 

»^9 0 Lpl*-Jt>| aJz^aIjJI il^x>Jl ySy £y 

(Ernest Rutherford) ^jj-ijij c—-J j\ ^y jlJI 4 1905 ^Lp ^j 
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cAj &I JLSIjljj .^jVl -WL5JI fUAi-l 

-ki-s^j p-Sly <k^-ljj ckSLlj ^yS>jS/1 jl tf[ I f-LJLxJl JLfllx j 

i ^ ^.! I 4_j^_a^LA_1| t_-J LaJ I di 1 j ^ ^3 l -o- > C <0^jLj| ^ • *> **--1 -■— !| a !| 

^ la^^— 1 ^ <jj_ v a_*Jl Jt^J * LJ ^ ^ oLjjJj>«Jl jl jJjj>- (J^Lkjj 
4jL$j Jajc*s> j Sjl^>J ix-^La- dJlS' i«L>«lJUJl ^^jSfl 

^jjLihJl fcj At Si 4jjk] jJjJ^oj . IJLJLxj ^iSt olSjjj*- d*j j£j c-jlkoJl 

if^jl Ui jj .<^1 <-^l 

* 

cjjjJaJU L>-ij-«J L?JJ-d - jk^o jL-JJP’l coJUb jkjJl 

<i^' Ji-4 tS^\ tJ* 

p.j : jI ijjiaj Sjljj>- jJUa-o ojLjlpI - jJLx 

,J[a IiJI 

^JLfljj ^lildl p- jAlii <j jklJ oljJL>tlJl [1999] jJ jj>- 

^«j>cj *j>-j 4-jI^oJj ^^yLsJLdl 4 j jiai! a^pIjlSI itaSlI ^ I^JLp 

*fet U *JU ^ 

toLj oJLa .SJLjJL iJl oj\y>*]\ jJOJj j| { j^aj i-uj 

O^xll vJ^i ujIaaa ll kJL^P t 4 j3-«JLaJ| C^L<»llj 4-k^L?^ 

JLlIjj-^j t JL^jJl ^^JLp ^JLxIj 01 1 ^ ku>«^oJL! ojL>«Jl 

oLuL^Jl JLSLtl jl jl!jj>- { j/> jul^ ,jl!L-«Jlj c jJLl^JI 
<-*_>iJl oLijL^Jl JLSLil olk^JLS 4 JL-«j*J| ol ^ a * ~ ^ !l jllp 

■ jk>^o JLlP J \j>-jj ^l]| iJL^Vl 

^^atk-u-Jl j_a_>»J| k-»_>iL-<jJl jjb ^^j_a_>»J| ^ aL a>^oJ| JL>-I J[ 

jL>«_Jl ^3j oljLaJl JLp ^yi]\ <^>J| oL^LSJl J-p J-oJLi1jj 
^lill ci^il k^Jl oL jl!^ Oj * t > i i 

l a a >r a ! I lkA_A JlJ jj^ ^3 Jb>-^j 
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iSUaJl ^. J^o^dl ^Ja.^-oJk 

(Jp^<b>cJl 4 4 -^^sa*Q*0wJ| oLkJl ^-4 A-^g-l^gXll *LoLwQ^^Jl 

^3 4 ^JJala .A*jLwo-^J| iiUaJl ^JLp ajJik-o ^JL>Cj 

OJ^^ - L g JjI ^a^x- ll k.*>»- ^ 11 ,^*a^x_1 I I 

k « L?- A-Jl^jJl ^3 ^^-j3_j ^Okl ^_>i_J| ^k£Jl jhX-s^—a 

JkJlj JaiJl I ^k£j ^ 4<JjjiJl 4 0^^j>U$Jl 

^i>- ^JLp^II ^iJl ^jLoJI 0A*-kj*yi a jjJLflJl JJi^ 


,A^>-jJJ^>- OjL/2-o ^3 oJliLo jaJ> y>-\ Jj>- AJa*A)|jj 4iLL| 

4j j-kj OjLS” bl .( 13 . 5 ) J^OJl ^3 Aj>«_ 4^j-o ^ kdllJl pjJLJl 4 j j-kj 

4 Jj^lJl <OjJ>-j-<»J| C-*!^JJLdlil (jl3 4 Aj>«-^>t-s^ ^jLlllil p j.JLlli 

4 A^kj^ \ OjJLaJI ^3 ^Jlj j0^2-o Jj^lJl (jk jlij ^1 J 

. *iljJI ^0 jJixj Jil l _ 5 JLp OjJlS 03 






Sj 3^ £ j*jj C^O* ”E 


c^As^j (/ j^? j^k - 


AjJcla jj^ 



jLa. (Jaac. 


^cJaui — f 


jUH j Jaiiu ^aua *>Jul) :(13.5) JiAD 


<L*ll>- Ol2JLu 

4* 44 

j ■ /O a ^3 P-L^-Vl ^_L*J « f g i-P (Jj^^.P^Jl —1 

[1979] jj^Jfj t [1968] (Kimball) jL-^5 - JJL. 
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.(Arms and Camp) [1982] j .(Attenborough) 

(Purve [et al.]) j j-yjj-jj [1990] (Wallace) yVljj 

.[ 2001 ] 

La_j j-fLj yo _ 2 

41973] (Orgel) y> i^oJL5-«Jl ^AjjLujlJI 

ciLjb'bfj 4 [13 y> 4 1986] (Horowitz) j : . s> j j j_» j 4 [193 
(Smith and ^ .[113 y> 4 1999] (Lahav) 

ilJLolS' [3 y> 4 1999] Szathmary) 
aAsS y A J^JLJI y yJl jJlSU cJjjbJ Sjlp [1999] 

.(121-117 

JlJj__p j 4 [1979] (Folsom) ^ jj_ij 4 [1971] (Moore) - 3 
4 [1996] (Ridley) .[2002 .1993] (Gould) 

AjlL w A -Q . 1 1 1 J| ^ 1 1 ^ la * * 1 4.. ^Ll>#I gr\j* l** P® 01 ] 

Sj^tLjo (Darwin) yjjta *IjT J-p J j ^>«J| .* j a1;)L) 

.[1959j 1952 . yjjta ^lajl 4 ol*JaU] 4jLbS^ y 

ilUJl ajLiS' y Ldlj U-^ [1980] (Brackman) oU^ly ^JUL - 4 
(77ie Arrange J—j JjjjLJtj <>±jjb j-SjLid i^JJl 

cbL>*j . Case of Charles Darwin and Alfred Russel Wallace) 

43*^p y3l y Jil i5j yil y V0US1 j{ 

.ajLoj y 4^^JL*Jl yjjta 

.vlu*4 £jl J [2001] (Winchester) j J**\ - 5 
.[1989] (Gould) jJjp J*\ _ 6 

^LLuytf jiajl ^ j ^yjJl Uj-^j 4-**^ y° — 7 

. 1999] (Gold) JLi^j [5 41998] (Selley) 

^LLlaX 1 A>r~k/? yA I UJLLs^Jl J .[3 J-sAdJl 
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Q .111 .[2001] (Press and Siever) ji.-.j *[1998] 

* 1998] (Heilman) OULa I 

.[2001] (j-ijJJ *[6 


^IJL>cJLuiIj K JLjJ><Jl <iU? ^j- 0 Lf-jLuJ>- f aj3 

f jlj* M°r o* fA* *7*^“' F=-AV 

.(5.1.1) AblxJl 


^ijUJ 
1.5 


2.5 


3.5 


4.5 


^1 V JLj_>«Jl iiU? t jjo jp 4_laiL>cjQ S ji 

IjLS'^j ^ 4jj jjJl oj-5Jl J\jJLq y^—^l . F=~av iS^LjJl 

.(5.1.2) ifcLJl J 

• IjJl . olytJl j ]&§ ^ ji *■*) 4j ^j|JLJl (^JLaJl ot 

jjJLdiJ (5.1.4) 4_taL*-<Jlj ^juJI pJi^-l . 1.2 x 10 m j_* 

.JaLsJI p^Jl ilrf 

iJLljoSfl ^ .JL?-lj Z^ Si jj jjlil 

Z = 3 4*ij p j-JlJLSI Oyjl jl Z = 2 He" 1 " p j-JL^Jl jj-J 

^yo MLSIjI Ojj^5L!^/I J-oJLJ LqJJLP ^i^«Jl 0J-Jj-ill iSLU ^ Lo 
jlpI ! 9y jIjuJI z (4JL>«Jl jl) j!jl«JI 

,S|jlLS Z^ 4l>btJlj pjjJ jJLaj ^jo jjby 

J^u [4.28 p-Jtfl .1991] (Abell, [et alj) 0j>lj jJ pli (t 5.5 
i* : JjLja iiilfcjo ^ ol j: w:«H i-JLiJl fiiJjLkil olyJLfcJl* 
t/i = ij *>n E = lj <>fp = lj .(year) ii** JS3 10 ^jL-j 
100 (5jL-j L LoJLp N 1 ./c = 0.1 j ifi = 0.01 j 

,4lm 10 6 (JjLjj L LqJLPj t4lm 

V-^l n E 0.06. 01 [268 ^ .2000] ^jl yj Jjlj JjL (y 
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9 At>*0 10 ^jL«j L LoJLp j ( 4**0 100 ^jL«j L LqJLp N 

^yJ^a. !l *LjI L^L^I pJu iillaJl jIJLLo Lb 6.5 

1 X 10 ^y>-J^Jaj CU>*j 4-a-^Sf I 0 y ji ^^iSLJl 

iiuJl 100 i y>\*/ 2 'iA\ 4jl ^y >I ?m = 1 micron = X 

. 0 y 

^ .iuJl 14 Ljj^ ^ J>j^ki I Sp-US' d\ ^y>j&\ 7.5 

0.8 X 10 m — ( y>-yo Jjiaj *1 4_*-LiSfl Liji 

1 J ^JLp J j */2 >JUS A_v?LvaJL^ol 0.8 micron = X 

?5Slla]| 

fUJl ^ 1 kg JSl 750 kg JU^ jl^ ol ^yil (I 8.5 
jJL53L) ^LJaJl jlJLio Li <li5 ^ 50 kg J5U ^jJl 

olj^>Jl iJLb 4JJ ^lixj ^AJI ((kg/day) ^ ^ I J> 

•r 

ULa 4_la-L*ljj 4_0|JLa_!| iSLlaJl ^ (twJ 

16 MJ/ jJb ^L-laJJ ^yllaJl jlS' ISJ J-toJl <jl^>*Jl 

.kg 

JJLp^JI ol j^>t!l ULa 4_k— I jj JjJL^Jl Ji-kiJl jLS' lij 
J^L! iilkJl jIjlLq LJ t 10 JLp jlpL^j ol 

?Olj^>t!l 4la-*l y 4 ^oJULqJ| 

> ?475 nm y>-y J ^ oli <jjjSfl *j-*^Sl a5L1? L 9.5 

. (J) Jy>JL dlijL-J 

^ c ^y>- 0.01c 4is>y 0j y^y ^yrj-<Jl Jj-LJl <-* ?-l 10.5 

. * jj-Lail <Pj*^ 
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i»LkJi .(jjjjj-Sfi Jjij-ii Lijjo ( _ r ^UJi j aii ^ i •■ *.«u 
JjJjJl JIjJLp-I Lj-JLp J_Ma_»«J iiLlaJl <jjj_flj-Sll 

4^^.>t>cJl p^^cjlil * IiJl>- 4-flLjJl ^I^jI 4 

^_P 4^ohA d,» > ^juk^jsJl Ii-La * >x ->j 4 4 la 1| 

^aP 

jU 1-6 

oljLva_>Jl J^lS J_>0 ^jJjJI JLflJ 

(jllaj ^ylp ^j3j JjI ^^wJl j^i]| O^J 

<Jjt£ ^jLJI OjjjJl LJLkjjj [1977] (Nef) <wiJ Li^i .^--lj 
oJUipI jl5j Jp juipI pJL>Jl ^3 ^4^4^j ^L/a^el 

Jlilj'ylj p^>«Ji]| J y>*£ 01 ^1^3 oLUJl ^^JLp LuLkjjj 

iW*s-l ^jli-1 *5LJl Jbu 1700j 1550 ^Lp Jiy* Syill ^ 
0L5j ^ pL>«ja]| jLS' . Lsl^J LJllaj^j oLLp iJlJJj 

,UI JUJ f JLi*s-j OI^J .LpLuoJI Sj^OI JiUl d^5jJ 
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JLp i*JJ*J\ oLS^JL! Jl *jij Jiiy* JJLJl JJL 0 
<J|jLl—l ^bt Ji Jjli3oljUaiSl 

^Jl>w * u .JJilJl ^j_ 5Ja-fljJL 

<JLaL*Jl f-Lj^_^Jl oUa_>c^o yo JLjJLaJU 3 ji jJl jS jjJ ^j-Jl ^ j^*_>*Jl 

(jjMklJl ^jSfl oljUa>Jl JJJo lailil ^LJl JLflJj 

<_P1 3000 ‘(Xrfr^ 1 oiri L* JjLo 4-k-mjSfl 

^jo 4 JLJL 3 oLX laiiil dULj .y^L*Jl ^3 2000 

4-P 1 * ^ 4 ^ yj 1 o <Qi 11 ^Lwj| ^ 0 l_iT . 4^>_> r l a ■>*> l | Lj^ " I i 

4 4TjI^A^>*-oJI 4 f-UL] olvxJl 

^3 43 ^L>cJl oJL.Vl 4-P1 **/2 1 lafll 1 i ^I JL>tJLl><Lj i_j^jiJ| |jbj . la»*>*^1 

jlS' 4 ^1p ^oLill 0yUl JjJL>cjj .^>L*J| jl*j 600 ^Lp JjIjI 
tLJLkj^j Ljijj SjLJV kjjj^ cP cS>>*^' 

jj j?n i^] ^-| ^ Lj* r " i lhidiIj^^Ajl| A ti il f ^ui ft. 1 ... flj 

.[1998 4 (Shepherd and Shepherd) 
[20 ^ 4 1992] (Daniel Yergin) JLj-ita j-^-e I 

^ya^r .t 11 <jL (George Bissell) J——*_> ^jj-^ 

^Lp , ^)* tmt tl *—,a1u^L>«J| l a a « 1 1 4 _pLl^ ^ y^S/1 Ji. /a a l i 

ip £QL>«3 4 SjLj^U 4-«lJL>cJL--l ^j^tvaJl oL 1854 

C- 4 jjJL lail!l jL5 _ 1850 ^Lp Ljco yo 

^ pi LJI yyj AuljlJ 1 J P ^ ^3 

^cIajJ-U LjUJLJu <5ipj^Qj>boJl ,^yl y>^\ CIaJ jilj 

(Pennsylvania Rock Oil Company of l-SL-Jj- 5 i_L_j 

(James M. Townsend) >.i:.^< jLj Ojb_Mj Connecticut) 
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^^3 olS iajiJl ol jLj ^|i»**>»> ^^~W 
o-lI ^^>*-^11 c*4jjjl jl I jLcpI j .oLJl jLT ^LqJI ^ 

jU yo- Ljj ^Ju 0L5 iijj-kil 

yL >J (Edwin L. Drake) clLja <wjL1Slu jlJ ^L5 ,oL*Jl 

. lJLdJL-jj jj jiJ iuJLo ^jjb ji!L <JJLjS^ JjjI oiaia 

^3 *«*■» ) ! 10 j . 4 <>l a AoJ i oLj ^ *•*« ) 1 \ 4 j oLS ^l 9 j » ) i lOJbj 

dLlji a*& ^JLII cua^!l Lf* ^y° JJJlJI Aa^ljj 1857 ^Ip 

JCL—jjL> ^jA 4-!L-*j iJllA dJlS" 4 1857 ^j^la^PI /twjT 27 lail.1,1 
iJUl obL^p^l ol Lf-i oJJLj^ Lfijji? ^ 

.[1997 c(vanDyke) dLb oU] 


.^L>- Jail]I i*J! ^LflJjl JJjIj.5 jZj 0^-J 

LUjjJl J|jLJLu-lj .^JaJlj ojLjWI ^IJL>cJLl>i^L! la i 1 ll jj j-5o ^jjo 

JJLS -kjbLj Ij^Lj oLS' ^JlSI 4 0 ^j>J l cljJj < 5 jji^vaJl 

0jl *^a P L5^-^ .^-)l *^a .» ]I (JL^-kiW ^j_sji-1-] ol^>Jl kX **/? L5^i 


^cIIj loUJLjj 4 _j'V j cJL 5 4 la ill! dLlji £jL ^jA Ij- 0 ~k£ 

pju oL^ i 1862 ^Lp JjJL>«jj .IjJLi 75 ^ ^ 450,000 

iZ<J !***<* o jmP ^j]| la fl < 1I la<ftj ^aJ4j^ 


.[1993 ^(Kraushaar and Ristinen) jLtjl^] 


(John D. Rockefeller) jj 0j-*- 4 _p1 i *a H j Ot 

^Lp JjJL>«_jj ^ 1870 ^Lp ^ (Standard Oil) J-jjI ^jJ^jLi— 

iiJl ^ JLp jLS^WL ^^SJI cJiis^l 1900 

jjbj OjjLS jIju^J (.5^1 Uaj .Sjl>^uJ| oL'yjJl 

ApllvaJ jJLuiS'jj dUij 4 JL/? oLp c) 

jLj&jj ^a la ill I ^Lflj 01 Ja$ ojjJL^ 01 4 lailll 

> ^ 
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^ L^ ll <. 1882 ^Lp ^ 

du>Jl JLp ^JLkil ^LA^ttl IJla .^j^Jl c-JLkJl 
ipliv» ^ ^j-l-JI £—^iJU .JL>- ^^JLp ^Ljl* ^Jb ^^>*-^1 

,d~J Jill j ^ j3jii iail!I ^\ ^ll^-l oljLJl 

l a, Aiil ^ya <JLJL5 LjLAJL^Ij ifi j la A ill J jJL?- o^ij 

* 

^ y9 lac . 1 i o JbJL>- t, ti - i - 1 la ll 4 ^-JLaJ loot 

tULiJjJj JJ Ujl J ^ JaAlII Lf lfi’ j& JLAi oytfl £-Lia» 

* 

4jW jJ j^-k-^-1-k-Jlji <jL— <^lj ^^9 LAj-Vj 

oLNjJl i*La>*ijI i 1909 ^Lp JjJL>cjj <j)1 jj dJ j-*-j AijJLo 

dJl£ 4 4^JjJlSl 4-JL jiSl la-AlJl oJL>iJLoJl 

ol/bfjJl dj>*ij| i 1950 ^Lp jJl ^ L \?*ji &^At/ 2 ] gill 

OjL>«-«-il oliLiiSl . la Ail j jJLjJI ^IjloJ <^A^j ^jo jJLSl oJL>*jlqJI 

dol -la^-jSfl (j J±i\ ^J LS* J^\ y^-j -la—j ^ JaAlJJ 0 I 

^ laAlli ^lljJ ^^JLpI jlSj .^LzjWI ^ya-A>cj oJLpduJl ol'iljJl ^LS 
JbljiJl Ol ,L^-A>tio jLS' jl Jdo 1970 ^Lp ^ SJLpduJl oLVjJl 
<JJ>] ^J SJL>dJl oLWjJl ^ ^1—1 iaiJl ^^ip i^llall ^ 

laciil oJL>tL<»Jl cjLWjJI d-ojji— I c 1948 ^Lp Ji-o-i .jJLxJl t jjo 

^-ll>ij Lo ^A^i Lj yj 0 JL>d<jJl 0L1W jJl ijjlk-J 4 ^ jJl J .OjjJL^j ^>0 

.-laAlil 4 JJ 


(3j) *** ll <_1 la j 0 Ja-AlJl jl * ->*l dcjL? i 1973 pLp ^1j>- 

ipj-o^^J JI5 ^ j-jS't J^*-H ( #fc ^d 0L5* c5-Ul -lailli ^jjJlj 

oIa . (Seven Sisters) L iijjji-Jl kAiSl olS'^ 

(Royal J-t 1 ^* JLjjjj i(Exxon) Oj—ipj-q^-Jl 
c (British Petroleum BP) ^j_jJ j j^h * * jj-|J 4 Dutch/Shell) 

tjjl J-jjI ^jJUi * —j 4 (Mobil) J—j_jj_^oj 4 (Texaco) j_?i ^-jj 
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(Gulf JjjI <. ((Chevron) c^J\ ^\) Uj^LK 

4^Jal>o® i i *yuj\ 4-UjjJl <£UJ| lULaJ 11960 ^Ip ^ .Oil) 

^Ip j . (OPEC) p-mL SjJLmxqJI JjjJl 

S^Lj ^ JaiJl ojL>*j j Lp^ dLjl 11973 

jU^Vl o^Lj^JI oJUb .LjJLsApI jJL^4^ Si lai ill jLa-^#I 

jLjl ^.^1 ^Lijjl I-*«.-»> & ^^JjSh la al j| ojU ^L) Jyu 

, (j^JljJl ... Wift l i 4 *.*>* l L) 

ls +*LJ)1\ ^jijJl ja jj-fl_>-SfI (Jlj L® i 

Aj\ JbljU JSLtuj UU j! 4 4-SL^SJl iilkil 

^^LJl jjtsJl Lvajlj co^jJjw Jp ^LkiP^I 

jj»J| Sjl y>- <J>-j3 oL-Li ^IjJJ ijijJl <jl jl3~\ ^ 

* 

IJLa i>-ji Ja*xjji Lplijjl 

j ^rj' 1 <ji ^LijjVl 

<_*H (_^1 ^ -y>r £rjD 

fji jJLSl (^jl^ j»JI 1( jjj^Jl i_»*>UJl 

. 3.7 ^_ail 


2.6 

<JU^P 4_lfi-L-*ljj <JJ .4 * 31 oLLilil <jja ^y> c_>cJl ^^>cJlJl Oj-^4 

^Ju LoJUp . (Coalification) Jj_>*iJl 

01 ^£<4 Lfr'l® (>° l^l a a ^ j 5 jj*aa 1 | ^Ij^JI ^IjjI 

X (£Jl p->*-fl-!l) 4 _a-5_J^o o^Loj (jLaJIj *L«J|) Ojj 1 la«* ^1 j^o J 
.JIp Ojj ji U^jI o^d cOLp-S?l 

4 ^ 51 ^aW C_ 9 ^^la d*>«J l l <Zj LLj ^0®^ 0^**“ t (_j 1*^1 I ^AAA^f ^ylp 

*<«LoJLo ^-A >«Jl^ , (Peat) ^r« */2~9 
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* * 

pJ lij j C LjLo Al Lj y LjJj>- A-JLj oLo 

4jU yjJbij^o la m*/?j Sji j>- 4_>-jJL! o y *^j 4-Jaju 

.^yoJl JSLij ol 


JLlP ^ 5 ^^ A-J>cJl 0>llSlS3l 

t 4 -aJI^^>«J l j i^jLjJl jjJlj-nJlj tc-JL>«_laJl ^j-q^cjlSI Ja-JLjjc! 

0 LU 1 JI Oj£sj .oil! j^>JI i Lo Js>- t oL“Lii] ^yiSLJl JJL>*i]|j 


yo L-Lu-| 4jJ ^ * ll 

yjj-jjJLt-1 ll JJLo \£y >-1 j-*/>Llp yo aJLJLj ypLLo ^j_>«_j ol Li^ut 
I^JLfl_j ^ y> c_>tJl ^_>hjiJLJ <jj-s^_*J| S^LJI oLtJj .CUjj-^JIj 

(Jl C*H > 0,...S... y> AUj yllj Aj^£*J| ^a/>LaJL5 

.(5y-l y*lip ^jIp -tUill JjJ 


<_£jj>c_>cJl CjLjj-^-« jJUJ 4_jj_va-*-!l o^LoJl ^JL>> a aa*7 

Lk>i^yI ^LmII o^LaaJ jjill ((M^ccieIs) a 

ijoL^Jl oLjj_£-«JI jl?-I j_a yj>-j. (Kcrogcn) y_?-j j^SLIS 

jS&J Ijjil y OjjLZjb Aj j-^aP S^Lo y^j>-jj*£S\j Jl 

iJliAj cJ^° 13^4*!! J^JL>*-«Jl ^ <jLjJLil iLU 

iiu LljLl^JI ll j c(Vitrinite) cujLljI y^a SI : ^Jl yJl y» ^lyl o^LJ 
y> 4ilii*tl pj CajLjIj^JI . (Intcrtinitc) c*j Lj Lfyj’VI j t(Liptinite) 

^y>nlj| jJl *y>J| yo AiLaJL^I ^JLj C^LIjLi^JLJIj . A * a *t> >JI A_>«-L-uSfl 

jl AJLL>tL<»Jl oIjLJI y° aSUi^I lIajLjIj yJVlj .oilL lLS A All 

.1 ^ a ijj yo ^-SljjJl .aJj y>n-<jJl 

^ji p- jA/jll c!a>*j c^jLijLiaJLSIj aJ cuj LjIjLji!I 

• aJ ■*« 1 CIaJ LjLyjW lj^ ♦ ^2 >&mJ2aa1| 

^L-Lo ls * a_aJjJ|j .iJjJl k-—^ 

yj jjuJ yJl aJLJLJI jl Jj_>*jl!I a_?-jJl! 


248 



Vj >JI Jl ^ c-i*JUl 

(|jU]| ^“yil ^ Ifcij <■ (Lignite) ^ 

p^iJl pJ t (Bituminous) ^jLiJl j^-iJl ^ t (Sub-Bituminous) 
p^iJl i-Jjj .(Graphite) c--JIjJJl t(Anthracite) k-JUaJl 

UK* |fj>Ljiil (j^p jl j o^Ip L*J 

^>-jjj^jJi oiji j J-Sj 
tpAiJJ iJj olji 

lil^J-Ui 1JJ 4JLoJl 100 ) 

. 4-J jj| oLj ^9 JilJtSj 

i * ; *- *t L_LP j/2 ^jJ>«_>«J| 

JLp^I L-JIj jftl Ia (^1 ckAt 

^jpJ i l a * 1 4_J jJLqJ I 4 * *■* * 1 | j Lf^I ^ 1 1 

S^jUaI*Jl ilj^«Jl eJjb 

(Coal jUj JLi— t*L«Jl iJ 

^ ol««.»li oIp t^^>«j>«Jl p^cjsJl ^j/ 3 *,»,»li jL*Jl ^a Gas) 

ol t j-£*-j jLiJl .0^ JjI oUi 
<jp p->*-iU c r * t S'yJl oSf abjj pAi!l ^ (jA^j 

JLiJLj jLaJl ^y^L^al^l ^jJLp 4-A-l* 4jjj JpSfI <Jji\ 
Jai- jl) (Langmuir Isotherm) ^j^j .jH] jU> Ay^)i 

Gc (_£jL*-Sl i£ L—LJLq pJLdJ (jHj-oJu'y ojlj->- ^jL-J 

G c = V lJT^ ( 6 . 2 . 1 ) 

la » *<0 P L j t VlJ *■* + ll la m P 

^jLjcqJI S^Lp ^jLiJl ^ 
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v^UJl jbuVl Jto Jl ^1 ^ ilg J£ jUJU 

•<jS-r?*^' j^«iJl <y ^ J& jL^J 

.Ajj-s^P o^Lo £jA J J-* <S Oj, 

< 3 j*j -(Coal Seam) I J y 3 L ^LjJA\ jx Jl (1.6) JlSC^JI 

Jl f jd\ (Coalbed) iiJaJl jjb j***iJl 

(Coal Matrix) A3 ^jL^JI Ji£Jl ap j-o^> ^p ojLp ^j 

^ a^pJu^JI a^L^JI ^5j^Jj (Fractures) £jJU<2j oJi^Jl 

. (Cleats) Jajl jA J Aj£ jJL^ ^ip oLLlaJl 

jL*J 1-g -/I * * a)_*^JLqJ| JsjI^-qJ| A^_«_Jw 
oJLA .^JL^aJl ^3 Ls» ^ ll LoJLlP A 3 A-wo^t-dJl 

.U**AJl UJoll olV ^bS)f ioU aJ^/I 





^ Jjxl ^jjjj :(1 .6) JluJI 


OL^o JL>-^jj .O^w^JLI Ij IjJL^-o A-w^3*jaJl olJLJaJl j^JLaJ 
^ JL^WI jtkJl JLp ioL*4 aJLJiS' v^iJl iJLiaJl 

4 iJjL-m oL^w^Jl A^wQ^tflJl A.aJaJl .A^wQ^tflJl A3^JLs^-oJl 

ci^° ^ („£_^>"l ^ip L^.jI ol ^ l*T VI 

| C )UJ| I l J 5 l ^jL J 


250 


<JL*p ^jl! LoLj cJj jjui ^Jl ^ jLxJL! ^L^VI 

la * */2 ll a >c-Lj LqJLLp <JjJL>«uj 4^j-«T jJo^- l£jp*«-»JI p-^*-Jl 

^j_>-j-qJ| IIa JLmj .Jaj|j-oJl ^llaj L_>«jjJLj 

.^WaaLU jUJ \j*\*/2A 4^U! ^j->«-Jl ^yoLx-oJl <—*■£jlll ^ 

4A*.AALiI 4-LpJU^Jl 4^-klJl ^ IIj jl ^jj>t>cJl ^-j>«jJ| jLiJ 

.4-aPJu/i]| 4^uktJlj 4i jjL^j Jl ( ^j iaJwaJI ^ £-j JLj LoJlP 

.oLUp V^J^U ^lp 4-<-o^>*jjJl oLaJaJl ^jq jUl ^l^>*ILkJ JLqJLaj 

^^JL^IjlSI ^Ja^Jl ^ jUl (Desorption) jl^L jUl ^jI Llj 
dJJi JLaj jLJI . 4j oloL-Jl j 4^j>JJ| 4.3j 4 *^a JI 

.Jajl^Jl 4 jjh^->i^J| oLqL^JIj 4-l*j>JJ| 4.3j^A^a^ll 

4jUJl Jjbt>0 JUJL*jj .^IijWI jJu -kj|j-Jl jUl (jiJLlj 

.Jajlj^Jl iili^Jlj Jajlj^Jl ^ JaJL^J I £-jJLj ^^Ip 4 Lj Jj>- 

Jjbw ^yb 4 -a*j>JJ| olSJaJl ^ jlxJl ^bjJ ^ ^ydl oLJVlj 

Jjb^oj 4 4-3 jIa^JI ^jjwJl p^>*Jl £tla^* jljIjVl 

jLaJI <jiJLj Jjb^oj 4-lajlj^oJl 4J j a ^jq jLtJLj'bfI 

.-laj|^Jl 




. 4^j>Jj| oLfiJJl ^>0 4jJ oLp ^ y>r->*}\ 


4-dj^la ls A (j^LuJI ^jo g\y>*J^\ jl) Jju 1 *_J|j 

^jJbdl oLlilll {j* 4uiil>^o jJl iSLlAj . LpI gj 'bfl 
r^' w I-Lj>- LoLgJl oLjlaiJI < j£ * I .1$ j->«->*Jl ^ a 1 1 

^jJLxjlIIj t (Strip Mining) ^yjT la .- ll ^-LajlII ^ a Ju *7 ^ 

4 (Deep Mining) ^j-^Jl j-j-LajJIj 4 (Drift Mining) 

jj> ^L-ll ^j-uill . (Long-Wall Mining) Jj^kll ia5b>Jl ^Jjoj 
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y ^y>t>*Jl j*j>tflJl ^1yO-'V ^JL>0 -aIS <aajL>cJ| pj>-LuJl La| - LaCH 
o^Lp <-lJL>«J| j^LuJlj . J>Jl u*)L>o 4_>tyj 5iyl£*Jl p*j>*jaJl <jjy 
^\J^m\ J* <3^ L^l ^ 

(^d 0-^“^-^' lA> -u^j^' o-^'h Cr" i£> ! ? , - > *^ p-^J' 

<Ja i j>t«J| oi^.Lil iJyj pL>ta]| (jjp yJL*Ij ^y>t>Jl p^>«jl]| ^1 yO-*l 
AjLjLiJl oLldlil ^P aJj-Q~>tJ| Av2_5L J i!y*J>t!| oJLj| J 

. (Room-and-Pillar) ^yuJlj _ Sy«Jl yOJ y yy>Jl yJbdU 

.jt^P^ljl <jjP J Olyl3 ytJ ^yjJlj - oywJl yJL*J 4-klflj J 
ily jtJu lJl$Jj .jLqXLlji LjJU olj-LiJl oJla cjJL- p-P^ <y>*jj 

O jJL-J oLoLpJLS' jAil O^Lo y ^y>t>«Jl y oJUpI 

^0<jJ yL^l ^~p^ yd aaaaI? - oJ^^pI ^IJl>*joI ySL^j Lo^S" .olyJiil 
L «*•» < y*^LJy*-Jl ^^_*J| A_jjlyLo O^lyli oJyp ^aJ 9 •O^ljL^-i'bfl 
olyidl oJLa ,yyj| y ^ywJl y*-flJl ^\ y>0*l aJUp 
f-l j 11 o JLo^pI y2_?- l-lxjj . A_a_LLH_I>: A a j_P olylJa j Lj-kjj 

tOl-L-oJl o^Lp yJb_j 4 ^y>c_>cJl p>J>cj3Jl jLaJ ^L^JLS lLU^j Aj j| ^ a 11^ 

JJp jLS' liL? .^lyOmWl A-*yO Oj^So yJl Oyil y ^yyJLj 

> > 

y ySL<kj Oy«jJlj _ oy>t>Jl yJL*_j Jl a^-jJL IJL>- LL^p y^-aJi 
yJbu y . JylaJl JajL>*Jl yJLxj L yo^j A-Juaj ^|JL>iJOI aJLhJI oJL* 
^IjJl y Jl j»->tjiil ^Ja-flJl aJ[ ^yj t^Jjj-laJl -klL>«Jl 

^cJa-k-Jl ^-P c-iJL>«Jl ^Jj ^L^Sfl 1 ^ a ^y- p-LijI 

p^j>«-flJl aJULj ^JL>«JLk-Jj «->«-!l yo o j *iC^Jl 

.^k^Jl Jl yScuJl 

J 51 J 5 ^-^ c^l p^' J2j p^_> 

j^-t- 4_1 . , j J ijllAj ^j...lli t J*t I .'jljl U j U I LvSj-vii- J 
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ipjJLsA*Jl ybj j >*->*Jl j^>c-flj| JJLJ L^-J 4-di^o 

j *LJ| yo iaJL?- j_* ^»^>cjaJl yiaJlj .^^^jLSI y la ll yo 

W »lali yj» 4PyL^aJl i^uLiSfi b j-la.Lo-pL ^ jj>t il 

jL^S/1 yJLpl * */2 j| yo <j)l ^_^-lj <jliaJ ^JLp 

yiaJl yo 4P jl j| <^xjLlSfI i?jJa_>iJ J^yLJl 4_JL?-l ^1 p (Jj^,a>«J| 

yd I ^JaijLoJl ^y W i <JLjj_ia cj L> L^jb j^_p jli^j ^yJl ^joj>*jaJl 

^o^>i^flJl yJaJl yo 4-PyyxJl i? jJa^ Lfj ijylj 

. 4j Jb JL>*J| ciKLJL! o^jj>-j-oJ| J}j jja]| 


4 -JjyJl ^jI j^Jl 3.6 

y ^JL>tj yJl y ^JLjJl yJl oLiuj_>«Jl £l jJl o\ 

j .<JbL>i j\ 4jjLp LoJ Oj-^J (jl (j-^-*-d . 3 ^JLJ| 

Lol ,<jIjl*J| jl *UJI ^j!Lo t oliyJl y jl?-Ij £y Jp yiJl ^jUJI 

JaJL?- L3 -o..^ii 4 jU 4 olJLy>Jl yo ^1 Jj| oJLP JLp £_jLjJ| ^li| 

^5^*Jl y p-UJIj oily- y la*l>- jjb JjyJl .^jUJI 

^Ip olp yy>*j oy ./all ^y p-LoJI jl 4 ^1 ./?Sf i 

. 4jI Jbo oljLp ^JLp ^jJl>cJ JlSj 4 _LjIx>q e j j a/> y 4 j|JLo 4*1./? ^1J-A 

4^y>Jl oIj yo 4 *jIS ^lp oJjJL>*j ySLoJ £jLjJl C-a-lS' yj 

,4**.*>*li La^joLa/o ^uo ^Ul y oI 

.0 j_£*Jl ySy> JaJL>*Jl y o j-^o jIjlLJI oyj 

4 **» 4 j .«»yp 9 

y y«Jl ^Jl ylyil ^y>Jl jl 4^^531 

0jj j-* ^^jL«JJ ^i^il y>t>*Jl ^ Jp Loj.^ d ^o Oj^«Jl 

^^-*531 yly^l ^U13 Ojj- 5I j—Oj^Jl 

i-^jolyJl oLijyiJl ^jlp j_a (Mole Fraction) Jj-«JI) 
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<JL£JI oVj-<Jl ^jlp Loj—Lo 0j- 5L«JL) (Moles) (oVj-<Jl) 

.*Ua^-Sfl ^^Lail jj Lj-ip c-aj ^5jjdl oJlp-jj .^jUL! 

^ i o}5LJLJ { £ J ~&\ J^JI ^ Jj^i {** y u z t } jj^o^Jl 

ls 3l* (Wellstream) fjjL Jl jJjJIj jj-kJlj jj_L 

j!u 3\ oyL>- J^L>- jjsu ^JlSI ^jLJI laJ?- jJb JjijJlj .^1 jzi\ 

.<x> tL a J I d^L-*A-«Jl^ 

l»law.»i iJj^iJl ^jI^JJ ^jZ>*a Jl (1.6) JjJL>Jl ^o^JLj 

lij IJlaj jjJLa 4uJpI j-* JjyJlj .<ajL 1]| ^vs»lix3l 

^jlUl ^LiUl f-^ a>cJ| p-^Ij jjaj i, oLktJuo 11^131 

£jLoJD 4 j^£ l*Jl 4 -JLajJ| ^*^LjJ| Jutkljuj ^y*/aa)\ i 

oj\j>- A^J>J 4oj^L*a* oL j£Lq j!L« J^olj_P ^ylP 

.^ja£J| 1 ojl^j 

JJj>JI ^I^Jl JI3SUJI ^UJI (1.6) Jjjl>JI 


(•/. iiisai ,.„-».,) 

j^Will 

87-84 


14- 11 


0.68 _ 0.6 


1.7 - 0.02 

U^J jljlJl 

1.8 _ 0.08 

Ui*-SMl 


0.14 _ 0.00 


olijjjv- ^ 4_JjjxJl ^j|j-<J| ^ oLijj_>- 0J 

^Iplilo jJr iJj^l £j|j-<Jl ^ oLj^>J| 0ol jZjj .<jj_vaP 
dJlS' lij Lai ^j , ‘>LJ ^jLJI La 1>- ^ l$jSf o ySi^j 

oji* ^ d^^ij jl cJLplij ji oLjJU 40 jSaa^i jl <JLpLfli>o 
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l/ Oj&lm & Lo 


^ (iuLojjSlI) <j jiajtil oLS'^Jlj toliJiiJlj coLlJI^JI oj, 
olijJp>til oJlfrj .5-Jj J^\ £jl j-«Jl ^ Lp j-tr'* olijJ->*Jl < jA ^-j 

ia-iwaJlj Sjlj>Jl ol>ji JLlP S 

^Aj CjjH2n + 2 4 ^oL*J| 4^jLj-o^l^J| 4_Pl* a /2 1L) ^jjLgJu ^aJI^jaJI 0*>LaJ^_>- 
W/bLj 4_laj|j 4 j iJL! ^wj> *t>,»I i 0 j->j5 jjJUjJl j .4 * a JL a oLjjj jSjjJLa 
olijji Jp ,yj .4jlj^j^ olji (>" JS" (jjj oJ^-lj 

LfjjJ J.taiti .(C 2 H 6 ) OISjVIj (CH 4 ) oli^Jl J^. |4 >:7 


oLIjjj5jjJLa ^JLaiil olij j_?-j . C„H2j 7 i-oLiJl <ajL-«-l^3I 5_pLa^JI 

J-* -cr 2 -^ _/■*-! * » ; “ * 

<iaj|jj lai a>iJ LjJL*_>tj lj JLL>cJI yi \j . (C5H10) u Liij jJL£aa-JI 

(j -0 J-*t Cstr’TJJ'^r* O^H 

^jjjb 4_la_J r yx oji .^iljJl oLLjJ^ ^ S^j_*-j-*J| 

Oy.jZ UL- °^Lr*^J • t >^Jj-V‘ J..PJ o~0^ 

( J^J iaj|JJ oJLP LjJ 0\ (^1 - 4jl*aLo ^lP Cj\l^y>- ^ybj J-^I jl oJb>-lj 
^jJLp 4-JL-!LoSfl JL?-I j_A ( j_JJJLjJlj . 0 J-Jj^j| olji a j 
ol OjjjS' ^ jl *yrjj ■ 

L$jJl! i-JLojjSfl oLij^>Jl j .jALl-^o ^j*/anil 

.41pL5l> js&j *^5Ia-oo Laa-J 1w>«j ^dJL>- L.**^ 


£jUJl £^J 

(Separator Gas-Oil Ratio la a: 11 jUJl J-^Li 0} 

<aa«jJI Ja-diil j jjl| jL*Jl .^jLJI £jjJ k ^ jl>0 J^y (GOR)) 

. la w^llj Sjl^>«Jl JtlP -lailll 

UajIj ^j-lJl oljZ-i-lJl J-P ^j^iJl JaJL>«Jl 
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-kilil jUJI ij-L-J .JaJwaJlj Sjl^>«Jl ol jXjliJI 

j . J-^?LL!| la*y?j ojl o-j^ JCLP JaiJl jliJl jJb 

£jL«J| jIjJpI ^J-sAAIj O^J ^jLoJI ia*l>cJ jL?- j-* 

fJLi ^ (2.6) JjJb>Jl ^ SCF/STB SJb^Jl .Ul^Jl 

^1p lo j*JLo jLiJl {j* J&-\j (Standard Cubic Foot) ^jLju* 

. la a : 11 j-ji Ju>-\ j (Stock Tank Barrel) <>d>^ 

law^ajjj cJjj-b JLLP ^-j>cj>cJ| jJb ^jLjc^ J I r^ JI -» 

ojl^ J-A .^IjjLa-oJ| 

Ja-ilJl ^JLp^Lu^oJI ^£jL>«J| j_Aj la*V?J 

jlip ^jLoJH djJL>o Lo */2± (2.6) (J^jl>cJI ^5 liJlijl ^ 

^ c ys>Li>J'yi IJla .^LlIWI p-LiJI ^ ^ la * ^ j I ^ys^LLicjl 

. (pressure depletion) iai^all la^il 

jJUJI jljjl i-UJI JLpI^JI (2.6) JjJL>JI 



0} .(API Gravity) API -Ji! iS^JU UIp JaiJl ^ 
^yPjjJl JJiiJl ^jJO 4_jL jtJuj C-kilil Jili ^LJLo J_A API“ JJL? 

ibUJl ^ ^^IjjLjcoJI Jai-s^llj ojlJtlp y Q ladll) 

|jjb JLJl jz* s i\ JjjiJl JL^_*joB <Jj£ Lla API) iJUl 

:(^LUI 
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(6.3.1) 


API = 


141.5 


-131.5 


£-Sl<Jl Wilis' a^-JI jj> (specific gravity) ^Jiill 0) 

(jjjJaJl JULP ^jjJl J-al5l ijLj- ^JLjj j_<JI aJI±SL!I 

Aill^S^ f\j) 4lli5 AjjLjlsJI 


aJj <JjIsmJI jliJl jjlp lSj^h Jaililj 

* 

tkiili To J i^O’r 

aJj (J^JUuJl ^ jljJl aA^ a5 ^1p iwicA>Jl Jailll 01* 

(API Jiiil aJjLiuj . l.;.- ! 01 Yo c^J-* (_y^!j-=r Ojj 

*_iaLiJl JailSl ^ API JiJ aJ JailJl Ot Gravity) 

• i-ijiiJl iaiJl ^ J\ y 0 ^ J5J aJ J^l iaiJl 0V 


AjjLaJLaJI tjjjJaJl J-LP jLiJU ^yPjjJl JJiiJl oLj- 

: aJWI a)jL*JI «»lSS f laiJ-lj 

MJJi) MJM 

r ‘ W,(. Ij.) 29 (6 ' 3 ' 2) 

Oj^si Oj^si Af„ 

; iJbJl ihL**Jl tj ybliaJl 

(6-3-3) 


1=1 


Af*j t i o3^tJ 4 oLjj^qJI xLp iV c 

. i bb jjA 


iLfclpI 4 J bj£i cjt £y* jjb 

J*-— 1 * S j' ^ " va I I (ji olj-5-^-Sl ^ 
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5JjJLajq 43Jb LJLp 4 jL-l>- jLaJLS JjqLp t(JLS-<jJl 

n <L^ t PV = Z n RT JLZ*1\ jUJl a}*[ju> 
jLiJl 0 j^U • T 4j>-jij -P JLlP K ^ jLjJI 

dJlS* lij LJLJL>- 0 j-5oj ^z = 1 jLaJI 4-J^li-s^ajl ^JjoLajo lij LJLSjo 
jl>t X J> cS^ X ^ ,/Jl -z=l 

X>^' Xi-^' </* £?LJI 

Jj w .1 ♦ 11 4 ;: 11 j_a (Formation Volume Factor) 

A ««,»*>LoJ| hXlP ^w^LoJi jjJp 4la—IjJ 

^J^LSI jllp ^JLJLS j^JI dUS i]*-,ljj 
,4 jjLjc«J| t-Sj^laJl jt SiLp 4*>Ja*-Jl 

2 1 ^j-h ^jIjXj p-LoJIj lad * 11 (J ^j>«_>«JI j_5ll!I JjqI j_pj 

c-SjjJaJl JLLP p^j>«_>«Jl ^jo SJL?-j ^jo olJL?-j 

jSf j->*j ^^JLp J^qLp OjLlLjj ,Ot la 1| 

4-jLq^qJI £jA -ki-s^aJl ^ olj*ilJJ IJL>- jLaJI 

jLiJl c)t jLiJI 0j-lLS ^1 *jj tjjjiaJl 

tt 

. MjQ Lut^p l^uoblj 


jUJJ JuJtfl 

• 4 T * * * 

(Gas Heating Value) jUD i*yJl 

JJ .jLiJJ 0j-SLo 4-J-l yJall 4.i.»>.^*ll 4-o_Jij|j jLiJl t^.. 5 jj 

: jlill .kliJ _dt UJll i_iyj 

(6-3-4) 

1=1 

Ffij t i 0 t cTjLj^jlp iV f 

^..Hl jUJU 3.:.*,..ill .i ijiLJLJ 3.:.^ M ;ll UyJl 
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1200 1000 BTU/SCF (3.72 x 10 7 J/m 3 ) ^ ojLisJ ^ij-Jl 

oU)£JLS j.ll j . BTU/SCF (4.47xl0 7 J/m 3 ) 

iaJL»Jl ^ 

£jljl jljial ii jJL* 

ajujju SjLp £jLJI jljial j jia (^1 li j 1.* o) 

.(7) Sjlj>Jl ia-j3j *(10 n-a*a*ilj *(P) iai^iSl : Si^iJl 
alJplj ^jI j^JLi ^Jliil PVT ^-^^1 la.....* UIp 

( jL»j .PVT jJL! (P-T) Sjlj»tll 4j>-jJ - ,1a»./a 11 lad.-* 

. (P-T) Sjlj^Jl ia-jj—iai^I! J.L, VLi, (2.6) JSLUl 

^ Cr ^ i (2.6) JSLiil ^ P-T ^LJl r-^lj 

^ ^ala-Sn jjiail J-vaij .<_SjjLiilj ^La-Sll jjiail 

iajJwiJlj .(Phase Envelope) jjiail o^Lp ^*...1 i^jJliil jjiail 
(Saturation ^'. .1: !l i» jJi_v» ^ «. .-1 jj la ll 
ia-jj ^ «jlj^xil ia-j^ *U-p £jLJ|j .Pressures) 

-*ll la j . a ^JLpS/I Uj « . aIIj T c aj- jp* Jl d U St ll Sjl j>- 

JSSfl ojlj»«Jl C.<b>-ji -tip i»J .jjiail 

ia-A ISJj . (Bubble Point Pressures) <pLiill xkSj i» y^> i _ J i—J T c 
jjiaJl j^iU-S/l JSLJl d)U tiplaiJl ikaj lai>./> ^ J5I iaa.^ail 
Ij^a^Lil \i\j .((2.6) J-SLUI ^3 A iiailJl) ij^Vl JajLiil 

LT* U^jaoj (^iLa-SlI jjiail 4 SL' ./i ^3 UejJujt 

JjLSIl* llJU i <?- ^>«Jl 4 la Jill ojl ^>Jl ^yLJl 

. jLLSl JailSl 
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jjiall 4ilai<s 



Sjl o*L>-j3 J-Lp ^jL^JI .f3j_Lw« 

. (Cricondentherm) ^^Jlp SiaJjJl 

Lg-J ol <yil t£ j-s^aJI ajly*Jl ^j&£Jlj 

y^^oil £jIj-aj .L*-* SJj^*mJ| jjJaj ^jUJl jjl aJl yo ^LoJl 

y* Jil ojly>Jl Sj>-y oJL5 IS} (Condensates) oLa_*_L£j Ljr o~~J 
B 4-lajilJl) T c 4s>- yJl ^iailJl ojly>- 4j>-j 3 y® ^^Jlplj ^£jJj^£jj£J| 
4jI M} 4 So^LJl cJj^iaJl JL1P jLp jJfc O^SoJlj .((2.6) JSCiJl ^ 
jjia yy£lJ ^-fl-Ss-j JLp yLjy>- Ojj olS olJLjy>- ^J-P 

.^^JLllI law./? y> J“®l ^J, y>*^-«il ^ ja k+&. 11 Ja^g-j LoJO-P SJ 

(Dew Point yJuil Si oJu JaJ^ c _ r S^J c_i-s±£oli £_L^o!I JaJ^j 
y>iCJl ojly>- S^y 0 j& LoJlip SjjUJ! ylSUJl .Pressure) 

yJjj^j^^Jl yo ^1 

olj_*JdJl <L>t^lj jjiaJl i3j_Lwo ol^-Joil ^3jJ yS\_^_j 

y_<^.^C>il ol * P - '!-' L-il ^-11 ^1 la w ./? 11 
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y-Jiilj-«Jl Sjl j>*1\ JaJwa-!l JLlP oUjJj5jjJL-A ^^Ip 

A^jJu j Jsjcs^ tils' ISJ . jj-kll cS^l^l ^j-^Sfl JailSl 

a]ojOj yg il^Jl ^y^SLgJl <jU C AIjLj Sjly>- 

jjJa t)j .Jifllll _ jUJl ^jlliil jjlail 4dla«i ^j^Jbj 4plJLlil 

^u-Sfi jjiaiij uta isj 4 jjuJLj .^i^ii jjk!i iikj> ^ y>- ^jip 

Sjly>- 4j>-jJj ol .lawy*J ll>t*^j ^jUJl 

t^XJl ilaiJ la* y* 4 jL$jJ| ^3 J^w^- y^SloJl la*yq t)li t4Ijlj 

jjJa jJaLflJL^- ( aJL>cJ| o JLa .^^SlliJl jjJaJl 4-tfJaJLo Jj-JLJ 

^jjo jU i JjL-JI j]p[j 01 j ol .^jLwJI tyLiScJl y>- JjL* 

jU t jZ5\ law^il ( j/aao*j\ ISJj .jJjL-JI £*/ajJl S^j_wJ| w^all 

p 4 

jJ cS' * LS*^\y *—S-jLSC^J 0JJ iajj> ^ Uaxj 

Jl cSj-f s y Ot JUj 

Sjl J> Jl i>-j^ ol J*JU ^lp lvaj| P-T LJl ji— *j5I 

Jait^j Sjl y>- i>-j^ ( j^^Jl £jLq JJillj .jiJl y^>- ^ law^llj 

la w */> j Sjl y>- 4_*-j^ ^*U ^oJl Oj jJaJl JLLP L-^J ^-aJLp 

* 

^jjo 0jSo c dUJL! 4 j>lOj .4-a_>t lall t_9jjJaJl JLlP i y 

jjlail <aj11j £j| j-o ^l*v 2 j jjlaJl 4 joI^J y^^oJl £jIj-o cSj^ Jl ill*-oJl 

jj-laJl ^ Jj_>o!l jlS 1 ISJj .^L«J| tsJJl O^jJl ^ 

y^i\ j-Aj tjJLJl Sjnfi^ ^ Lwjj^ t^JL>tj ^liill jj-l^l 

jjJaJl ( yja ^ aj (Jj_>Oj j^o JLi £jL«J| o\ (JLfl-j JLjJLLp 4 £jL»lJl 

. Jhl3l Jl ^uSfl 

JjjJl oLlSc-l 4.6 

^J^l 4-JlJL* !l oLj jJajJLj ^L«JNI OJ 

ajjUJI ^olSUl ^j£> <^a aISUJ a^oLa oLJLki>o ^yb <Jjy«J| L^>-jJj^->- 
LlA L jS y *^jt^J^I } ^j * A 1 1 ^3 1 a *■> 3 lj ,QjJj^jj J *^ 1 1 
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.(Jj j!a]I c-sLl^i—'b/ 


Si^i^Jlj jjjJcJl 

dojis' I J 9 ** |> *^^i Ai^j j > t +/2 ll [^ a>*j ^jjl ALuJl 

4 A^jJ^l>JI ijo jSf I J*>^- J-T jj £3 jjo ^jjo l!^>dj JL Jl alJI 

* 

, 1 ^ */2) ^ ^3 0^ A^.A^.I| ^>*-k^J| £jjO 4 I *j*l *« LujLs^ 

JLqJ l ^>t>Jl ^ aJLJ? i3jii Jb iijwJl J?LiJl 4 JiiuJl JLp 

oLLo Jl J UUJ jl aJL*JL*JuJ| jjj>c-s^aJl oJlAj 

4jLi t. 1 la.la-i-rl 4 jU£Jl 4_*_5 Lo_i 0 ^JLuJLuJl d*J 15 " ,(JLjS|| 


• L jj **.»*■» l ^S^OJ 


a-^L*V| ol JL?-Jl ^ (Formations) oj^JdJlj 

Liij L^*J J 4 jJ*v* Sjl?-j ^jjjdl JUjj Jl < j^o iL-JL-J 

jj Jr */2! I oJL?- Jlj . JL?-I j CJj J c-SjJaJl aJLjL«JJo AS* 

AjJX-ft^O 0 jl C-^->«-J 0JL?- j£ ja*j*Ja]\ A 1 ^ j J_£j jl J 

* 

oJL?-jjl AjjI j-oJLni'yI JLp LLow? Jjtf ^Jlj 4 1 $ L«la>d] 

cjjJaJl ^jA <£■ j-±s*wjo Jl*j jl <^>*4 ^ JdJlj , jj 

<_£jlS jl?-IJ l ^JdJl J jJt-s^Jl jl ^ J-Jl JLp oJLjL-JI 

<>“ £>* <>* JJ^aJl JJ ^jJ ^ ,^-U 

^ Jjdl jJwa-Sl 4jiJLi>«-«JI ^IjSfl dJl£ lijj j-iil 

.^Uapk LJl jLtj AjU 4 LJaJ>cj Jj*j 

JjLiSfl o1jl« jl ^IjlJI <a^u jj_$j jl? oLlj j_£jJl <£1 «. ■><« jj 
^ ^ itjl aJ cJLS' ^JlSI ^Jl JJij a5*^p aJ jjJjJl aS'U^j 
. 3 JJl jJUL; <Jjjl>- ^jJl Jl jIjlLq UajIj 4 

,A-la-l— J aLj J? ^JL>»j oJL>- AjJ«-s^ aJLJL* 
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L^jI UjJI aIuj . ^Jl ijj 01 *~Olj 

J* <y -r^ 1 (j^J >?*^' ^ 

^ ^1 ^LiiOl ij. {_H X 1 i A*« ^ jlp , L>3 L^J 4jiJL>CjO ^j/ 3 J i 4^ ^J^hAAxJl 

LOu tji>-l £3J^o ^ L>-jjCLo IjL-^o ^-aIj Jj_>tv? 

i»_—iIjj i^ajijjj Ol^«Jl ^ LsjLj Oj^J 01 (j!} a -. « ■—y 

u ^aSL^i~ IjJ ii^Jl jl«-Sfl <>i£j4^\ fUaJl y ij .LdjJl 4Jbji JL1P 

jtjol jt^aj {Sji <ia—I^J UO^uJl <^>- • A ^* ja 

(Fining ^LoJl p**zl\ iJL* ls* j&\ JU^Sfl <y 

SJLpli jllp L-—•jJ ISLl* ol ccUUi o-*c4 .Upwards) 

.bJjdl vs-j? < 0 * i #^ 1 f ^ 1 ^ ^ 

L^ulj JbJL>«i3 ^jl>o-J 01 ijj>w^]\ ( j& jL^>JI *j 

^j /3 i 1 */ 3 >~ 4 4 jj ^ a li l* * 4 JLj Laj 0 ^jS . (Faaes) 4 * * * 

Lj-ijjJLJ L/lJ 4^-u-jX!l 4 J^Lu J-P JjLj ^1 ^^JLojJl jj>«J>*Jl 

ld| . ^j3 L^jiJlAL- rfwfl ^yajU^j Aa» t a ,*> 1 1 ^u ,qj pJu 9 .4^j> t 

4jU 4 4ia-L>t«Jl jjji^s^Jl ( *^P o ^^Loj k ^-* 

-WL>t>o 4 jL OjJLjco <iUs>ljj .4 j ill 4jL-Jl ^]| <Jj ^ 4tf aaa^T ^X-qJ 

cJJL »j jl O^LJl oU 4<J-L^kP ^j->hj ^^Oaj 

^jdfcJL Hift Ij ^LaaJ| ^ jj 4jdlp *- -** ^ ll 0 4 A A AAA*^jJ AjuO O^^Oi 

4311? old 0 oljLu £-o 4 j 2 j| jZ^Q 0 J^xil 4 -Lx-k-L^ijx!l 4 JLJIj .Uj^i 
J-S^il JLjJL>«j ^dJ-A^i 0 jijJLoJl 0 L 0 jJLjcJI ^u*> . 4 _aJLp 

*JO >c “ sA ^ 


OjWxJIj jA J 

.oJLiLoJl oIjIa^aII (J j-1? olJ jjjS^jjaAa ^ 11 j 

jj>J f-UJl ^0 iiliS' Jil SdLp 4-Jj^iJl ^5lj-«Jlj 
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£jj :Jl IJLa . (Gravity segregation) i-jSUJlj j a-JUp 

y>-l ^>*J| oJLA .^JJ_3 JClJ| ly>-L>- ^jI^-< dl 4->-lL oJLLP 4jLlj[ 

JLjLsA-oJl (3.6) c JjLs^-o jjjJuJJ 


JL5Ua-Jlj .JljLs^2-qJI oJla ^y yd! ^jI^-< dl .4-J^yd! 

( v^o (jL^Lwwl .^jLoJI iS j ^*j c-9Laj| «3 

^jUs^Jb JLjL^a i (Structural) jJ JLjL^a^ : a ? l r ^> ^ ! l 

cujj-t ^yJl ^USfl <_y i-~^yJl Ju^L^Jl ^la? .(Stratigraphic) 

ol t— j I 1^.3 ■*^i 

* 

(Anticlines) ijJb**Jl oLJaJl .jUJlj Jaiill JjL# LjjUxJ i^lS £j| jj# 

yll jijUaJI ( v^o ^jLiJI ^yJl ^y 



A-lfll jft-v l 'LlC Ai^a 4 i K j 


AjIjjSjII :(3.6) Jlill 

.iAjLs 42 -qJI ^jwwLwwVl ^ydl A-jjj-JaJl o| 

jiJU jL~» iilp[ L$y ^Ij ^yJl (jS’LoVl ^ 4yJall JjL^JI J ^la7J 
f _y f y L*dl 

^JUl £jLJ| jl^ ly>-L>- ol j^lll ^^jLs^^- 

jl 4 J-ojJl AyJaJl JLjL^JI ^\ jj\j 
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j . (Diagenetic) 4j^jy>d]| oliuoL—<Jl 
aj i/ 2 1 1 I d^LJU jJI (Diagenesis) 

L^IjjULo JLlP A^a-to^l^Jl Jaj»^Slj oj| j>*}\ oi>ji JLlP Jjjfcll 


oLJU^p ^J-o-iiij , <Jj_>cJLqJI jj_> c-k^Jl 

a : <—JjlJIj 4 (Cementation) 4 : :—«—~—!lj t (Compaction) 
p : ^HOl Sji JIjljLu-I iJL^p ^yb . (Dolomitization) 

oLijjjS') d** a jJjjJl ^ c-[js ojJu ^j* — HOI 

^jo ^jLl!| d~»jJ jJl!Ij .(ijjjJLJl ^ j aI pLoJI j 

^y <^«Luo c 5 ^j-L> 4*1 */?SfI ^oLijjji' 

.0^^531 


t yo JbJLuJl .iiLUb c4*tf*lailj 4-*.*^yJ| ^“JLwO-Jl 

oLo^Jl 4_P4_la^-ljj 4 jJL jUa-Jl ^J_P 4JjLaSlf 

(Combination JjUo-JI ^.q.^ 7 JtfUa-Jl oJla Ji»j .iJLkSlj 

^ybj cLL^^-oJl ^ J L?- ^y o £y>-\ a>x**/ 2 a iSliAj .Traps) 
5iLJl 4JISJLva^Jlj . (Diapiric Trap) 4 JISJLyrJl 

j_>tj L^J 0 j*'**/? iiliS' ji ^JLo lij_>iJ LoJlip dJ(3.6) 

,4-JLp iili? oli t*-*— Ijj ^l^Sfl 


<^£1 ob-LV?U- ^j^Jl ^y Oj^T 1/ali 

^Lp lliyd .4_oLfljJl j 4 _a-aL— oJl i Lpl ^"$1 LjJL>c^ 0 1 * .» £ja 0J_£j 

4^dJl ^yb iuoL^Jlj jj| ^y ioLiJl j a^qL-^JI 

.^L-^JI jJ IJU5l3 5 j^>t 1 j ^^JLSlil ^pLtJl ^lyLSl 

Oy>*3 ^*0 i *•> » 1 i la I 4 w *m ^JL>*_j ^J^aLa-11 4-a^o 1 <«>,» li^ 

LjJj yi^ll oLpI jiU ^ 5 ^ ijiLiJlj .^lUJl 


265 



.5 j> i.^li JjiJlJl A*** JJUJ i?-L-uo olJL?-j 

^-Lp o^lp jj>tlilj Aj^LlSI Lo| 4 oJLfli-o o^Lp 4-uj-fc^jJl 

AjjLJI jj 4,^Si olpJUaJ LLj>~I .oJLdljo 

V LjJU tipJUAi» ^p AjjLJI jjj> ^yaJ | clJLS' lij Lol .a^jl^uJI 

> * 

jL-^o a^oL^oJI oLpIj-aJU Ljlu ^Lk^ajI oLp kllJLi^j 

jjj>>*^ a„il ^^JLp L*£jI (J*k*j, IJLaj .jJlJI Jj^lJI (jiJii! 

. a}^>«i*JI 


4-a^qI +11 oLpI j-iJl oLp <-Jj j-iJI £j|j-«Jl ^L>njJ ^-£-*-j 

^jo lijjjp 3-^-^ aJj_>hLqJ| j AjjLJI jjj>*^aJ| Lol .Lj^i jJl jj->t yjJLl 
*L3 jJ jl oJ-So jL^PJU *y ^JUUI ^JLjJI c ijlj->cJl Aj>-j^j JajL-s^aJl 
S j>*V* OLoL-^0 JjCki JL5 (Jj_£j £jLo £|j . A-J J jlJ| £j| J-«J| 

.iaiva]|j 5jl^>xJL olp oijJ? pjj aJjj>tlI>o 

^^SLo g j *«*«) A-ol^Jl Jo|j*J| ^-o ^JtP j3jaJ Ol » > *J 


JLdlxj 4<JLt-«Jl J-P .Ojjj^jjJL^JJ jJL^o i _c->nj 

^yLoJl ^y^l ^jjL^-ll <J^L>*jI jJb jLiJlj Ja-ilJl j^lva-o JL?-I <jL 
^Lil Jai-s^j Aj j£l«J| J-diaJl .aJL>cJ| ^^L>-l 

3^oji jLiJlj lai^ilj . oJL_>- AjjJ a /2 a jyitv? LJLp ^yb J-ilaJlj 
Aj>-j^j laa^l Aa-s^L?- ^y>Jl LLL Jj£o LoJlP LjJ^Ij ol 


-1 


O j->c-haJ|j AjjJLs^-oJI S y>r t/2 il ( y^J ji *-* a 2 J-^J 

.iuCJl 


-2 


4 ioJ^Lo AaLo^o o^>«^ jJ^jjJUjJl ^jLqJI “ 3 

^JLoJI c-iLi_j| p-JLj lili ,4_-ol_A M * la ^/>*yi i-Jf jla-aj 
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t Sjd\j yJal\ iy l - .. ^ ‘C-0^ 1 <y c*^A»^ 

. ^->eJ 4S'^>b2lJ 

^Jl Jp Jly^ oJLA £y>- jLl^l OJ - 4 

4 ^-Q*S^-qJJ jL*J| jl \ s A a l i ^jA Oi«» ^ Ol ■» 1 1 

4y ^Ul CJjJI J oJLyi >b ^ y^j y->*-j 

.y£Jl Jl jWl j\ Jiill 


y j|1sLn)I^9 *i 

^P ajjj/ 5 j) la * 1 4-oLjJ^_$ j-*_>xJi d*jo JL>cJLk4i I t L_>*jjLj 

.y>JL *jlJI Ji cUJij yjSfl JJ J S^y-yJl < 5 iyJl 
i-dJl dlii J L^j cyjSfl J*L> y Sjy? Jp Jj_vaj>Jl pdjj 

,4-^/JjSfl Qj *i> A ll (J^L>- jMktdlj i_ j\j la */?\ JlJ yj 4 yXJU 4^-JiyJl 

J?L> ^-9 4 1 y gLflJl ^r la *<*Sl I JLlP v_J I yia— I I.J_A 

i ^ A >JL>^ 0 j 4^^_*_L-oJl oljLiWl JLJLl**I yLj yJ yoj ^^yjSlI 

^31 *«* ^ j £_)L* *«* I ^Jij>r 7 i>i» q l| iw—* 1^ 1ft */?W 1^ « lAj * *i IJ 

4jJ jkiifl oWjJ jl t oIjIjiaI ^y (yy,Jl) 5J| jjjJl oU-yJl 

Jiy jl jbyjl J* 4jJU^qJl y Jdij 4<wJjlaical yp ^yy y 
jl J* 4 43Ll? J^L^O ^JL>«I*-Jj .y^jSfl 4^^-Jl^uo 

iiLkJl .y>jSfl y oljlyjbl JlJ yJ iUljjbU 4 la 2^ *11 olJU-oJl 

4_j|jla^aV \ jJll^A yfr oJbCLuO yillj 4_j|^la^oVi |jjb <la^f|jj 4^JHal«J| 

ob>-j-^Jl j\ coljIyA^fl y olxjLlil jLpjjJlj .iJl^3j ol^j-«^ 
S-oU^oj (Compressional) ^LiwaJVl P-oL>y Lj> tiJlJJI 
S-oL>-y Lol 4 _Jj_l? ol>y y P-ol>y . (Shear) 4^^211 
LfJ ^Ijj ^yj) ol>-yJl y 4-JjJaJl oL>yJl .4*^yCLuuQ oL>-y 
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Lot jLlljl oL>*j'y jljjo oL>*j| ^j3 t^jjsLva-oJl Ja^jJl 

Ja**jJl oLo^Ijv- L$-J ^}S* L5*^^ <*0jjd+**j *Jl ob>-j-flJl 

S-oL>- jj>j .4j>-j-*J| jLlill oL>tj| ^jJLp oUiJl ^ c_JjJava-oJl 

^ S- ol >jjo Ot US P- ol>^ Jil ip^-u JJfctf 
LjL*_?4 ^j-o—l-J' P- oL>j^o j! 4_JaL*-i^J'yi oL>j-oJlj .^Jlj-oJl 
jl 4 * */aa ll ol>J^JI Lot i JaJt^aJl oi>^o jt ob>- j-*JL 

,4jjjli]| oL>-j-«JL LLp-t S-ol >jja 

( y* ( j£j)1\ J*>L>- j ,1::7 oIjIjjlaI ^ 4-JljJjJl oL>j-*Jlj 

oli t L-5Lp L^Ja^ A-JljJjJl 4 j>- j-<aJl JjU: LoJLIPj jJL^jo 

jup ^SljJjJl Ljjjj jloIj L^i>o \*y>- 

c_$^ajj ,4jj j-^aJl iSjLc«Jl ^^3 ^jm^Ii^cjo t j-*ldJal>o t *j*j <JL/?liJl jJa-k-Jl 
ipj^-j Pj iiLlSLSl Z 4-Jj-vaJl 5ijL*^Jl 

: 01 • V P 

Z = Pb^p (6.4.1) 

4-Jgi a 1*^1 4_$ jLa-qJLj i J Z 4-j.Jj_vaJl 4_$ jLa-qJ| ^ 7j 

JjU^o *1Lvajt 4P^J| LmL^IpM 

! Lf !L]lS' 'WaiSl 43 jLcqJI iwflj jjC^ <A+OJi}\ 4P J **Jl ^IJl^bIuiL 

Z S =P B V S (6.4.2) 

JLlP RC ( ^L£ju*yi JjqL*jq ^Jajuj .4 a \\ 4_p Vg 
oiLJL Z^J Z; 4 _aJj_v? 4_JjLa^q ^ j ^ j^»Liii j^ji 


RC = 


Z 2 — Z\ 


Z'f + Z\ 


(6.4.3) 


c)Sl iJj^aJl oLjLiJI iJljjjJl jj^aJl ^yj> 
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j-vaJl ^13jlxuJl i j-*j ^jJLp JOjJLaj JjoLa-« 

4a9 LqJ jaaS^ A^J^a/3,1 I 43 ^ La^qJI ^9 ^aAa]| olS L>*^-oJI ^aa^}aIoII 

• £&]a**Jl JLlP I 4 IP <w<Lktk^]| 4—^ ^ ^ 4>- ^<jJ| jU C 4 jLs^]| 

^L^l jjb |jb>- ^JujLSl>o ^O^gLy- i y*j ^JLp SjJL<L!| oj, 

* 

(_]^A^a>cJLl 4 .».»d/3*. 11 4-Jljjjil oL^LaJI ^ j 3 LoIa Ijlaj ,^J-JL>*jl1I 

A AaA^'Lxil la AAA I ! 4^^- Jj ^ -q- ^ • LaAaI O^J) */? ^j-l-P 

( j-Q-S^ Llj_£j ol .1 ■» ^ A A / 4lLaJU0 4jj|jj jl t LJLsI j| l Lj^j-q^ 

jIJLa Jjlsj- 0 oliLji 1 *. 4 1 */2a 7 jl i \& jlod 4n^i 

oLxLqJ jl c4i>c^Jl ol ^-Ju ^ Ol OLaSLJI ol>«Ja-L-Jl 

4 aJjO 0^£0 ol 4 aJ^ aJl ^ijLxJl ^ ^1 jl c^jUJI 

oJLjU ^JLo ^JLp^-a-u- ^jJIjJjJI JJL>oJl Oj_>- ^j/a-jl-A/a >«-j 

i(^^ «*A > l l) ^j)l jJ jJl £t*-uoJ| LU p 


JjWjJI j-l^jLLo oL* a,* *> il (JLaJLi aaiWI Sj^_?-I 

w>jSfl ipL^Jlj .iJljljll oU-^Jl j_p oaI^JL! (Seismometers) 

t 4 -k-AjLJl ^1 p aaaa^II ^j-a*Lu 1 i 0 (Geophone) 

JjW^Jl ^ LLb ^ (Hydrophone) ^OjijjJUjJlB ioLJl 4 pL^J|j 

o^jj>-l jl 4 4^>TLa-aII JLjtoWl oJ^j>-Ij ,4j jP^Jl 4lJl ^9 ^JLpO-woJI 

jL>«_aJI Q I jl^- 9 JL-ii—'yi Sj^j>-I jl cjLSfl ^ JLJLoVl 

,4a^>cI«J| j^UxJl 4_k^ljj ojdjlJl O^l^l^lA^fl <w4-ktk^U ^JL>taaaa) 


^Ijl^joL jl*_JI ^IjJj juauo (4.6) 

^ojJl (j| .4 —jLJI J-P JLiol o^j>-Sf JbcJl ^ylju 
4|jj 4 JL>t*a>» ll 4 -J^Sll 0 L 0 jJjc«Jl Ja^Iaaa^II jJL^JI ^jA 
•^JljJjJl ^il oLjLj J-p J j a^>«J| 4 JL?- j^o JLio'yi oy^>-\ 

^JLj V^A A>- ^j^L>T A*> A ]| 4 ifl L5^i ^ *1 ^aJLJLaAA-QaJ 1 gjUJlj 

^^Jl 01 .(Seismograph) JjVjJl ^\j ik^loljLtVl 
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(Tra.cc) *j <-X>-I^Jl a£^^jl^j (_£<-aJI ^jL^JI 

Jj^J-11 ^— *>\j —^-j ^-jLjlj—LJ ^ jL«Jlj .JjVjJl 

0 L 0 jJL*-«Jlj . (Seismic Section) JjJl JU^j jl (Seismogram) 
Lg-J-P J J +0. I L^.jI ojLi^l ^-A jJj A-*^« JJLo 

.oULJl A>«JL*-o ! aJUI o^la>*Jl ^3 L^olJL>bLuu|j 



(^j;U^|) JJ-Ui a]| :(4.6) JLu^l 


^^Jl^ t ^ Q»J I y J& j-ll *■ jl-j 1-^ - ^ A^V_ILa* 0 ^ht^V^dMhJ 

<^\ C->LwwL*JLJ| c — *.! la.* j Ijlaj .JjLo^pI JJ- 4 ^ 

.^jSfl SjLi)[| jlidl AP^** ^^Lp ^LdL JU^J jA\j 

• APj^JU ^IJLpj^ c_^llaJL) ^*^*-**-«Jl ( v^ojJl A3^*Jl^ 

• ^yJ-P A-JljJjJl A->-^-oJl AP j^t ^LoJLpI AP jm *Jl 

Ajw>-jJ^a>«J ^yiJaJl <-JU& jJl ^1 p AP J—Jl £>J JJ JU^AJJ 
|»JL) (J^l {j* Sj^aJl 

.^wmj2x]| ) ^Jl^J^Jl ^jmfcoJl aJLq*P Aiilill o^Ja^tJJ ^IJbCLhAi^h 

CjLmwLJLII ^jJS Lg-Jlp Jj-s^2J>tJl ^lll A^rJa*.uSl C*>tJ Aj^Jl oj. 
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SjlaLlJL idJL>cuJl 0 L 0 jJLx-oJl *y>? ^ iJljJjJl 

J-* |1>J Jij^^ 

<2j\ j~)j Lj^>-^ i * j $ « ^ .» * l i aJIi-lS' 4_aJ|^J^J| qjj.* ^ 3 1 1 

^o L^JLp J^va>Jl pJ ^jiil 0L0^Wil ^ ^aS 3 I p^>t>Jl JjoIaiU 
4 jLj jJaJl jJb ^jJj AA.o. jjj.yalJlj ciLiJL>Jl i-JljJjJl ol>j *-> a ll 

^yXJLS JiuJl ^yajL^a_>iJl ^ijj .oULJI <jJjJ IJb>- iSLu-iil 
^^p-Sfl 0L0jJL*-«Jl £a iJljJjJl oLojJL*-«Jl J^->- ^y* 

•J^\ oLjLjj 4ji]al«Jl Lj>- jJto^djLoJl 


* I 3 711^ l I ^ 4 -»j L^^a3^l>cJ I <«u L*-*ji*J I 

L$-*i ^J| JjJL>*Jl i-uLiJ-i j-j>«J| ^jjJaJl oLp-j-l-^ 0 <_£j->nJj 

ij^J^vaJl iiJaJl ^1) (Target Horizon) jjj 1 la * 11 a a* L11 jL>SM 

^»j>i_>tJ ^ yA 4^>o^**«*ll L UI 41 ^ y j Ij ^<J>cJI 11 4-9tA ^ **«*.» ll 

Jgjla>j| Jiij £j^la-«Jl ^j-a 0|_ L«Jj (, i_jLikSeL^W I ^a _jl 

4JP jj -q-~>r -a ^ yA 4j>t*JLtJl^ • ^1*JI ^j-»-a t ^S-*Jl L)L«j ^ 4-*^o^**** 11 

(Hard ^ 4*^*1 jj| oIjLJI® ^ L$jjjL*-a c^«j ^ill 4 ^ 0 oULJI ( ^o 
AaJLqjp jXjJL oLjLu ^ y>-jj .jj^JLla^Jl 4 JlJa]| y* Data) 

, A^a I cZjL)L^bJ| ^-a 4*1* */3 A * ll O La j) JLjc^J i ^ ll * **l 

jl ^jLJI oL-Li ^ oliLj Jj*^a>«JI 

^jJLp J J */a>«Jl O^L>«-l^j i iJ I jJa-L^Sf I olllxilj 

.jJLjJl 0 (Tool) oJLP 4 jlj_^ *t> * i j-JL*JI 0 *>L>t-LA» 
4ojl^>J| 4 j>-j^ JJLo ^^ajU^pJl ( *^P <w4a 1^!| oJbJl 

oL—l^Aj'yi jl -tLlill jl jLill jl 


2^1 5 6 

(wjLISLSI jLi jA-^~ * C JI 
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jLi JLajj , LilL^JL a ^ jjJaJlj* t l c \ y «(_J^^/l 

p * * 

j_a_P Lo^jj jl Lj^LsaJLjI l -o- i j ( 9 1 jJLk^a^o ■» £ ■» li Oj-^-J L L i3 A C li 

^a—A.» l i L*i-L»-P ^ ^l l ^i-A-J^ P IhA^J 9 » s i 

A> iJljjj oL>- j^jo 4 _k—I jj y^*Jl ^jJb>- ^Juj 

pJLj yJl jLWl y* JLiJL>c_iJl jUj . (Delineation Well) jl>jo>*jl!I 
LplJb^i^.1 L^sljI LoJT i yg^<«Jl jujl>tJl! Ll^Ll^I La y_>- 

Ll*J jl .yg^gJl JLaj Lo y yL>«J| jl g-llj^U 

^JLp yL>- yo oljJO 0 _aj j\ t jLi yL>- JLaj 0j-l£Ljb ^Llj^fl 

^3 jjjj i JJj_>tJl jjj la ^ j ^JL>b_Iaa^oJ| jLjWI ^JLp . Jb JL>«Jl5I jLjI yo 

LT^' O* “4“^' oti Cr° Lf* 

• 0*^1 «jty & 0- lA 


4 j0 »Jl Jjla ^4jU 

a]o ^>>1 Ijj ti*jJ j»J| katM ji?- iSjji> (Jjl jj-.la* pj Jji) 

y>«JLj cjjjuj ^nLJl 0 y]| yo y tlLljd yj^J 

Jajj pj iidj^kil oIa yj . (Cable-Tool Drilling) (JjlSL 
£-*j jtJu . (Drill Bit) yL>- 4-<JjJ LjJjJ? y 4 a ** i > > <-*s> jLp 

LajjJU jAJ yJl (9 y>Jl 4*J& 4jv» JaiL-Jj £J2 j y$ 4 4 -s^jLjJI 

J^q-aj jl <jjl!Lj jj2_>«Jl 4-LjJaJ y£-<kjj .L^i> jJL>i JLbt' ^yjSfI jjL>nj 
4-oJlUl ^j-4j ol jLi>«Jl ol t Laj^- 

olljW 4 -djjJail oJLaj .0y>«Jl 0y>«Jl 

y ^&Ji\ .jLfA j ol y>Jl iylyJ 

A±***al\ jIj^I y>«J ^1 I oj^Lj (JljJ ^ jA>«Jl <jL ji? (1)1 

.yljjjJl y>Jl aaJ* LfSlJbl^l pJ JO 4 jI tiJLvaJl oLL*Pj 

O^LjLuLmJI 1 ^3 Lft^j j l a j I 
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^y oLVjJl ^y ljA JjSf j 4 jLs> ^u-ll]| 0j-5Jl 

^y jJL>x^>\ d* pi la»*<*i Lg-jSf c j *■* P £-*LJl d^b-ly l ■» * ) l 

4jWjj Jaij ^y p^pLJl olljj^J 

Jj>-| ^ oLajjJj Sjlj^ jJL>- <*JjJ ^yljjjJl jk>*}\ <2 jJ b pJU>T a^7j 

a* 0^' o* C«^' 

4-«JLUl ^jL>- jJ>l^ 4Si olli £-3 JLj p-LqJIj L !l ^0 j^o ^ij>Jl 

.^kJl y>d yJl (jIpI J} 


^y jJLjI yjLSUl ^L5 JLaj 0 o IjjjJl yL>cJl C r ^l5 , | 

-kiJ JJL>- <_y U a -L5'jJfl ^JL-JI yL>o (Anthony F. Lucas) y! 
i^yLaiSo c* 4-uJLo L^yiij (Spindletop) L^ylJl«««*« 

<jjj_UILa_jLiJI jLyLJb 4 _ljJL« ^JaL^ ^JLp ^yLSjJ jlSj 
<Jj->tA 4 -JjlA^ojJl 4 jy>c_Jl ^y ^»JL?-j 4 jy>*-«Jl _ LjL^dJl 

Lli^ iy «i yJi ois .sjl>mJi oL/y^Ji 

* 

£y* bj .yL>«Jl y^Pj yJl £jL>- -kijJlj jLiJl jiJLj JlSj 

yJl 4^yJl ^y lad *11 ^ya ^j-uay 50 j:«.II (JjLh-oJIj ^yJ^Jl 

jU^jl 'jASj] yJl *1ij ^jJl <y Jy»y 75,000 

td-JjJl dUi JLL-oj .[85-83 ( _y> 41992 y_*-j>-yi] ^yL^Sd? Ja_jL» 
.yaJU 4-ul*L-*S fl aJL—jJI ^yljjjJl y>0l Cxyl 


.jJLJI Jl y-a oy^l yL>- pJLj Ol 

j*/3w 11 ^y aJLq^SL) y La^IiAp^ ^.aj LoJLp ytiJl 

coL^^uol (jlj->-! LoJip 1808 ^y L^JLo^i—I v^AjJb^Jl 

L--i^ Ujla ; ? t (David and Joseph Ruf&er) yij JLijI^ 

^eJLaJl f<L«Jl iwjLd>«J ySyil ^eJLoJl f<LoJl ^JLoJ 

^JUI ,UI y ^y JUpS/I ^ 4JUUL-J UIJ ^ill JUJI y^yJl 
.[146-145 ^ 4 1997 4(VanDyke) ^iLb 0b] L^j 4jubJl 
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Ailla Jt*y LjL^- 1 I 4 jL>Sfl ya lail.il 

j ilall o^LjJ jL£ jl ol>«-sA-«Jl ^j-o a^JLij^o ^IjJI ^Ij^o^Lj 
jjJI ^JL>0-J dJlS' ^JjSfI oU.ll .jLiJlj lailil -kJL>J 

OjoIJJ . JJLSLj j-i_>tJl AJLjJa O^JL>cJLl*I ^iJl L^ugJ A A A >ijI 

O^lll ^ y3 4 j j^jjO a,/? fl^jiJLS I 9 ^ ■ j| i_ 

4 Luy*Lk*l LS^>*>o Aj^£^ flJl ^y*it 0 jJLs j , j Ac- ^Ul 

0 ^- 5 Jl oL-Ljj a! n ll . jL|Vl ^0 ^JLP ^A^a ! 4 SjJLflJl jA*/a a 

j-flJl ^^JLp j-i->til JIJLaJL^-Ij 4-Jlla «■ il oil 4 a! » il 

A^jIaJI ji ^-MaJl ^Uajj £waJ ^Uaj ^|JL>0*l 

p jJSjj jJL) ^laA** JLLP 1 ^ aa*TjJ pJu LfjlJLj A-«J>LS oJL>-j ^_P ojL^P 
^ .» A^a a ) Li^a_) l AijJL>cJI i«UL jIjIaJ, o^j2j>*JI Aj>t ^ 1 J«n *«>» i 

.A^-JaLiJl A>*^i*Jlj jIjJIj jJI 


SLJbJl yi>Jl J 

a^IjuJI oljLiJl ^a-h^j ^Jl ji>Jl Lj>-jJ ^ ^JifliJl 

A i A^a )j 4< - £jj-i_?-Sfl ^jijJl ^LljJj A-«^j>c_j A-J^>J| J^LSLJl ojl^V 

O^L~ Axj jl aJLi]| ol yL ill ^ ^jJiOj .jliJlj lailSl a+&\J>- 

5-JiiSfl jLjSfl j^j 4 (Infill Drilling) aJLjliJLj ^i>Jl : jJl>J\ ioii! 
(Multilateral 4 -Jlj^Jl S^jlhOo jLVI 4 (Horizontal Wells) 

. (Geosteering) Ai^*Jl yt>A\ j 4 Well) 

yL>wj AilaA^il jL/bfl ^JLp oLjj J-* jJL>*}\ d)]i 

jl 4 aj^IaJI iili^il ^ S*LjJlj .S^^>-^<Jl jLjVI ^ olp|^i3l ^ jlT 

^1 j^O-Vl o^-LiS^ yo y^>xj 01 4A?-L-jo oJL?-j jIjVI ^JLp 

^ (J jaSUJI ^ £jUU jJj: ^ 

AjjiJl ^ SjLijJlj ol^jxiilj ,c—>tiil jlS 
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jk >til jyJuj ,4j jJ3S>xA £j| jA a!x^\JJ A-J-s^'yi Lg-*il JA y=H ^1 

,4-«JL>tl<Jl j£> <yl£Jl ^ ^S>1>- J^JLj \jJia ALjcJLj 

0(A^*JL$J| 4-1 Z.a*. 1| <*jA 4-L-«_L» ^-P o^L-P 

^ L VI {_j A 4-Lu**Xa<i*»JI a^\-A 4 \q «*»!^j ^ w w ^JI j Lml^ J 1 » Lj jA 


j'L^jA 

^I f j-3 Li^L>l ^ L^jjLi 

jLjMI jJl>- ^jli • LqmULmmljA Li 'j-*~p La^ ^jwwLwmI 

^jA ^ JjJp LSU* ^jL>J| IJlA ^Iwjj .Lw«jJil» ^iJl jL--a oj £J 
^JLo^>-^fl (JjJaJL 4 jjLl« ^jLJl ^Jl^amj ^iJ! 4^-uiil-wl^J! c—^uLVl 

/ p, 

L^i-Xi 40 _y^ ^*-Ll f ^ ^jA ( i ^ L a >0 ,^*-«-LJ 

^ Oj^i Ol £*ia** u* ^-?-ljJl yJl Jj-tj .(12.2 m) 

(Extended oJn^Jl jL^fl J 5JL^JaJl jL^I oJLa ,10 km ijjb- 

. Reach Wells) 


<J* ] 


u^L* j* >j 


L_ul^aJl eJ-lstLa jjj 



dJixld jUT :(5.6) 


J »L*J23l ^SlJl jLj^II L*^2j 1 

Li^-p (3 -s ^ J ^ i “^"^' *^-43^1 ^jlJI (5.6) ^J,^2Lj| 
ja Ia^p jl ^SLjLSL^ ^-JL«I ^Jl^jLwwJ t(Kick-Off Point) 4 jIjlJI 
.^iJI jL~o j^Ij p-JlJIj jjL>LI 4^JjJ ei^>J oljiVl 


iia-dj 
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jLj! ^ jil 9 • (Reach) la *■>««.» Il q [*A l l ^& *»>2 ^a 

Iri <y tj* (Sj^ -‘S^ C?* 

(5.6) .(Lpj^ 5 SjJt£3l ^i>Jlj) c-ulj->Jl o*Jl*ijb 

^ ^ all j .<_J| jj>cJ| OJbCLoJl <ij JL>tJl jL Jl oljL-uo JLp <jzil>cjo <11a\ 

<laJiJlj jl (^Sll) o^i>Jl *j ^iJl ^j-o 

jJl ^ «■ **> 7 i^JL^Jlj 4 a,.^ JjJl oL *jlip ^j-SjlJLj ^jlJI 
,^-Lpjij ^ ^OL>Jl oli ^tJl tJliJl .(Junction) 

^1I <jJJLj oj jj OJL>*J i^JljjjcJl oJbOo ^lJI Lj>“jJjJL^j 

.^ol^Jl ojbJj 


^lI! OJboJl ol jL^JI Jajj i^lj_>cJ| o^JbLLa jLj’Sfl 

JLp .oJLjJLp old*, la 7 LjJ i_Jlj_>Jl oJbCLo jL^flj .<5 jr*. s >^ 

^1 4j jP^Jl oloJl ^ i^-JljpJl S^JbCLo jLjSM ^»JpO-J cJLi«Jl 

. 4 a/2 a & ] I ^lp ^j3^-L«J| ^ItA A* i 0^jJj>wja jiJl OJ L>tl5 l ^ 

.oJUJLp olcilJbuj ^^Jl ^LSUl ^jA £jUl ^LllN ^JLpO-J L^S* 
^yL ^ (Compartment) S^j«JI j 

JO LgjSlaJ ^^"1 ^>Jl oJtA .^jLqJI ^JjJlJ ^la-**l J* P'l^^'l 

p * p * 

>l ^3 j£\ olljjSo JO jl i Lj Jp- jl ^jJL/iJl 

£-~j ^jlil k_Jl^>Jl S^JIaoJIj coJLO<Jlj iiJbSfl jLVI jJp- j| 

*i^pj j y ^>jji jijj ii j_>iJi oLijj^iii 

^jSfl jj JJ-iil! <Oj Cr° 

jllp jl i^-jLJl ^JLp p- 1 j-m c<aj>-LijVI oLtuilj jju>cJJ i^j>- L^.»II 

^^JaLuJl JjjOJl ^ljj>«JOi| oJLU-oJl jL|Sfl ^JLjj ,jj>tJl 

( jJaloJl £*\y* {j* I (jljb <—L-l>«J| 

.Ljl>cj jl Llj <-L>iL-j>cj| 


^Jji <3JL) ^iJl jj <JLo^P AO(1j ojLp 4 j>-^- oJl jjl>«Jl^ 
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JJLo-oJl jJL >«JJ 1 L I* j_Aj cjjL$JL**^-oJ| 4_*_SJ^o 

0 L 0 jLcJl jlJ olj^l ^ 4-5Jb iJjolj^l ^Jbi*I*-jj 

f-Lul ^3 4*JlJ £3 j-« £tla** j-fl>«Jl JL*J 

^ jX Jl jL-^o JjJL>J JUjJL! u? j^h Lj^LS 

^ja L$JLp Jj*^>JI pju ^yi\ 0 L 0 jl**Jl bln**I dUSj *LSI 

jk> «J| ^jLtuo d—«Li jl5 j ,jjL>cJl _ f-Ljl ~ < j»L-aJJ 4 a L^S/I oJla 
4-Jjil 4iL—*j yL >cJl o^j>-I jl**j ^51 j-«J jLT ^i->nj JlLo^oJl 
JLsj^j d^JL^d**l t JbLj| JLp .10 km 


(Wytch Farm) ^jli ^iijj JJL>- JUu^Jl ^L>Jl (BP) ^j^lu 
^JIj <^JI ^i>JJ J . 5 I^L*JJ <>• Jj-L-JI ^ 

4jj->tJ d^l a/ 3 1 >3 f>l1* A^J>-1 */2 & li Ltf«itSdij l *jJ» l */2 A >C-J (J 1 Jl A ^ ^ 11 

<Jj-s**jJl ^j- 0 4*JLp oJjJl?- 

jSUj t oVL> iJl ^3j ,xL>c-<Jl yL>Jl £-3J^o ^0 Sj^tL» <J| 

^llj^f <**ljLJ| 4Ji]al*Jl ^ (j- 0 Sjjj1>c-«J| jLVl p|JL>d**l 

j^>cJl JjLlaj j>tJl ^J-^" 


<Ukil 

4 <*Pj^flJ| 4 .» la iSf i 4_Pj-*^>*-« OjL*P ^llLj^jfl pliaj <j| 

^IJl>«i**Ij ^5lj-«Jl jJ>-\ pjj . (6.6) ^J^*lJl ^3 j^« 

^jJLp jJlJI *bl jl«jl*-jj .L^Lo^jd-lj jb^fl ^jLjWI 

^j|j-«3lj o j->t *^a jl ( j^j ^P-LilJlj 4 4^do^-oJ| o y>r ,^i| ^ya-jl *^a V 
^j^g^-oJl ^lj-a J ^oJLttu j ^3 ^lj-«Jl > -J 

(*j '-'HJ '-Alb j*^*" lj* ^yry ij* 

**» A 1 | i ^ $ 1 a a a 0 l i 4 » 1 ■» P LjJ^I 

Jijo j [4 **a] jJL*jI -mo>- ^^JLp UajI j^\ J^-oJLwj L^ .^llll 

4-JUp ^j^+jjj .LjJUSi**lJ t IajL-^oj cljjjlaj l^ *la^ 
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(1)1 jJlJI dr^ ^ aj jdLJl (jLo^x^il 

£j|j^JlJ ^L^mJ! L^JwO pJu 4 As*- ^IjL« e jAs>- (JLo^X^a>! aJ^LmmJ (J^^j 

lw»J ^ L<>»^Ca-^ I 4 0 ^A ^uil 0 jA^~ ^^ j ^***l Lj 

jL$j>- ^IJL^tLwwl) L^jIjJL>- J^>- 4jjJiLo (_**jL) 1 ^»lJl^tLwul 4_*lla«j 

* 

^ LJJ ^-Lo^wlXJ lLU^^ c-j^ jiiJi ^jA Li.*^ (^ji-L>tj 

LiI 



4(Jlo^L»lj 4A-pda-wJl olJL l gJl J \ ^Ju 

toLp-LiJl ^e- JA ^1 £y> j *>Jl «>p4 J£ <jSUjj o^' 

jjLs*Jl oJ_£j>-I j-J jl $ijj-s*-Jl oL^i-<Jl jl Jl jl 

^L-0 ^_9 oJlJb ^JLj JL9j j-a JLLP ^%-jI^ J^-JLj 

j>xs J 4j jJ>tJ j-P oIJLj J j 4 I J jJl J ^jl 

C->IJLj Jj J JL>.JL}| (w^ladll ^L-o Jj c cJL»«SJl 

.LJLjil c—>^J^-l J** cs®-^ cLLa<w^»JI ^pl>- ^3 oLoJI 


Jl LgJlJLjJ 4 L^JlJLj^J 4 LgJ>-lj->tJLwu| OJ>tJ 4->t£jwoJ| £j|j-«»Jlj 


278 



4>JLa*JI aJL^pj t_sUa*Jl <jLjj ^j 

glliJl (JjL Jl JiJLSl J^*ai ^lJI £_iJ^o JLLp LlJ Ol 

^ 4_>JL*jo iJliAj .jLiJlj t^L«Jlj tJaiiJl 

^jJLo i 4 ->cJL^ L>cJli>o ^ li ^Lb i ^ ^ */2 a ) 

pJLT Ot ( j£j±j jLiJlj ladill JJLJ 4 _JLo^Pj .JjjjJlj ^JjjLiJl ijJj 

t la dl ll JJLJ oLla-Lij ti^*j|jS[l -la j_lai- t4jaJLl>&jQ JjL--jj 

jLiJl J-djJ SJL**J| ^jL-JIj Oli ladlll O^lSLij 

.JL~J| ^ycJall 

jU>«VI JjU; 


^jo glsjy cjt jJUL>tjo Jaa-M Oji!l ^JLkjo ^ 

j|jL>cJl O^JUud 4_taL*jo * a A la A i 4_*_Sjj t *j_£ J Q h j Ja-djJl jU 

i*i5L. <J.Sfl ibLcJl CJIS’ .[13 t y+ii\ *2002 t(J 2JU] iijL- 
C^ 1 oUL Lit .*ji cJjJl J u- ^ ^LJ 

4_taL*>o ^|jL>tL--L) J^ail L^IdjLia^ LlSZo^o JLdS ^ y>-] jljT«y 

(JiJLiJl JaJw> it l y >\^iiLj .(Hyperbolic) JaSoil ^J-Slj jlJL»ol 

Ajjtfljj aJ.^1 ^jJ^ULS oLjJI iJiU-oJl iLi * c^jLj 


• A^Jl>t «*■*,» ll ^lad^ll 

^ = -aq* +l (6.5.1) 

dt 

m * 

tj tjjJjLsJl (JjLjljj qj c Lujjpj>c_j 0^-^->*-J ftj Q il* *>- 

<J>L>- • 1 i_Pl 0 <>ri n £j\j2j -o*^ 

^yij Siljj ^ q (jjJill Jjbu J jlJb^jVl (6.5.1) i5aLt*Jl 

Jl ab^.VL ^iJ JjZ i*5tt jujbJ ^ Jlj A ^Isiyi 

.[1994 * (Economides, et al.) 0jJ-Tj ^-JuLqJ' l] n i*J 
: j*j *(n = 0) J-Sfl jlJt»«jVl J»- Ja5i La 


279 



(6.5.2) 


_ _ -at 

q = q f e 

J^jLp aj ^jllJUj'yi JiJLiJl Jjbuo qi <L 

jt ^iJl oCLj (6.5.2) itaU^Jl idjUa>o 

eJUbLtuaJl oULJl jl1 oL*JL>*JJj 4jL)LIajQ ^JLjj 
. t <y°J JJbcoJ pJujlpjJLSl p-L> p^j ^iJl 

<**£ ^LJI p—*jJl ^jJLp . 2*.-* ia_>- jjb ^jLiJl jlI 

:^l J>J t y 4f UI ^Lp^JUI oV 

In? = In?* - at (6.5.3) 

m <JLuq p. * a :* -k^ 4_hL*^J y = mx + 6 Sjj^aJl ^^JLp j_* 

J~JI j-a (6.5.3) itaL**Jl ^ a JjoLjJI OJ . b aIa ^jJaiuJl *^>«Jlj 
pjLjjLp jJLSl p-L> pj t *jjo <JLp Jj ^ >nJl pjLj ^JJl JaJ^JJ m 

b £j-kiuJl . t ^y\ ^jAj JjLLo q JiJjJl Jjbt*J **L1| 

. qi JlJfc/yi JJb^J (l^jlpjUl j* 


SjtaJ 6.6 

tjLiJlj -kiJl JjJL>- L^\J>- ajLl/3jj i 4-jij->Jl ijlj^oJl SjtaJ OJ 
^ja LjjL t j^£*Jl SjtaJ IwdJjJU SjliJ 

LjL>tj i^IS ^jIjjo t ^***L>*i] Lj-J| pju ^jiJl ijlj-oJl 

ijLi^Jl 4*i Uj iJj^o 0 j-£j cjt **-*->*j ojta| <k?-j 

tiaUaliMl J^ol jjJI ^ olj*il5lj I4^jjoljjklll £« 

t^Q^oJl J^P Lj-JLp pJu ^jlil olo jJjcoJIj 

^Jlj-SJlj 4^oJajSfl kiUi L*j t4-5JL*JL«Jl ^J.« » .1*11 j J^ol £^j>cJ 

of-LdS' 4-k>- jiaj ^ ^j-o^oJl SjliJ c_slJL aI .La j£>J| 
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SaliS" 

(Recovery Efficiency) ^1 UiaS o) 

t JUa»Sfl ^JJaJl J ajJJl Jl <*—tJLj ^JjJJl 

£-*j-aJl J jjSLfiJlj JLaijVI ^jLoJI <ijLi«j ^-u 

iaSjiaJl Sf'La^j jjJ-ij JL*> ^ j£ajj .JU )fl 

•Jj*Jl ^SLJI gljiJL-l J ^L-J JaJJl jLse'yi J iS^L 

Sal a $ i a ft < J0 Lj- £ .1 i Ql a $ a O^-^l—£ iii 1 ftj 
(Volumetric ( _ r aa«Jl ^■L-iS'Vl SaliSJ t (Displacement Efficiency) 

. Sweep Efficiency) 


>r * a ) ! ^$ 1 a l i 4^4 ^jal. & a jj-A Ej) 4^-lj^M oaL&S^ 

(j;j JjJJl J* -ta ' o " laatll o-ljVl Sa-LaS" iJliaJl J-^i Jp .^UaiJl 

p-»t»*j lla^a ..kill] jl^lJl kill) (J j|jIj'bfl ^->a>Jl 

£jjj£dl JjLp .IIP iS 0 j JIAIjI Jail * t1 j « V p j^aL-J 
J _ f a«*]| Jalju S oa •&£>■ Jail £-^JJ ‘-®oi jIJiMl 

! ijJbJl 5S*iUJl ^a Sali£ ^£aJj . Z? oa 


2?d = 


^pj 

*d 


4. 


^°L_^ 
5^ A. 


— <H 




( 6 . 6 . 1 ) 



.*tfl SaLtf Oli tWj>l Sali* Jl aUVlj 

1 . p Sf i ^a_3 j| a l i ^ ) i 4 * & *) 

(Areal Sweep Efficiency) Ea ^L-sS^II SaLiS" ,iija»all 

Q1....27 (Vertical Sweep Efficiency) E v <_$:>j-«-*Jl Z*Li5j 

.k)jJLa*_aJl £jLoJ|j JLpSlI ^Sj_aJl JJ-S £jLaJl ( j^u ^^aLa-lJl 

'. JllJl ja*iJl Jp ^j^-L-aJl Sali£ cj^JUj 
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iuaII 


( 6 . 6 . 2 ) 


E a = 


E v = 


2 2-A ^ A \ 

: JbJl j *:Jl Js. u\Z o> ; US' 

--K.tt «uj 




(6.6.3) 


^5UI ^1 jp>«i-iil S*L& ^p 2?^/ ^L-iS^I S^LiS' 

•^1 S*LiSj ^L-*iS ,> yI S*Li5 iWjb 

-^Voi = -®a * £v (6.6.4) 


S*LaSj o-lj^M S^LiS *wjRE ^1 I Sf-Li^j 

! oj, t \ Sf'LoSj ^-L^i5' > yI 

KE = E^xEy^ = E D xE A xEy (6.6.5) 

Jb*-lj 0L£ liLi . 1 0 Lo j**£ 

t* ^^>*1*^1 S*Li5 ^ <^1 o* jf 

0j-^j i3 ( ^ J>-\ a*^-Lj j .e ja**/? 0^1 'yI S*U5 oLi 
^1 j>*JLlj*')1\ e^LdS' uULSi £-Aj t o 1^15 Jjq| jjJl oJLa 

iJ • 1 <y J 5 ^ cH>* 'jt*** 

I S*La5 o ji^i>o L^^J^So iiliA to'yi^Jl 

oJLA ^jJQ ^j/3 W ) i * m <# J . 4jpl ^j*P i ^ iSl LaJLuIaJ W i 4 ^ 

^1 j^tL-n**la) jLqJLmj , 4 -JI 1 JI ^Ll-ljSII 

j .ijj^JL! ^jip a^SjJL! 

.iiUaJl j^lvajj <Jp j^i I IJLa 


c^y i 

t jjo 4 Pj^j>cjo ^JLJLjJ t j-«^j«Jl j^p ^ * *- d7 JLdJ 

^UVI SjU ,^-j Jj)l\ aI^j .ji .^uvi j^i r 
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j*[*/ 2 a ^JLp a-LoL? aJL>-oJla j . (Primary Production) 

l aJLa_*1j ^JlSI ^L^Jl jjLlI ^ J J jlJ\ aJ| j)lj . A-a-w <>*la !l iillaJl 
jl i^w^lail jLiJl jl t*LJl JJLo t J>\ ^jLo <JL>*>j 01 

£&j-oJl £**J-*-^ J-& Aj>-IjJj • 

*Lj 1 ^ JajwaJl ^yaiklj LoJliP 

^LuVl aJL>- jpjo la i 1 Si Aj>-IjJ A_JA A.*.*■»Ia l .]| ^jJjJI 

oUib ^iSl j . (Reservoir Drives) ( y*SUl\ oUib J 
<J£*jJ|j t *LJL ^jlJI A^JajjjJl ^>olSL«JLl Ip 

,^5j1jJI p-UaxlLj ^ijJlj cv_jIJl«JI jUJI jl ^jLiJl 

i aJL>cJI oJl* . *L«0Li ^JjlSI ^jjJl Jj 

jLjT la a \ j| jJ-JJLj ^a la a 1 j| a_?0jLj f-{ * Si ^j_JL j 
AjjI yA ^A *LaJLi £*JL!| ( j-«*£*Jl Sjl^ aJLa-aJI A^tAjl^I^Vlj 

^ijJL g\ I £jl yJ ,*LJ| jiJLj Jjjco £0 Jailll ^L>m* aJL^P 

*S^Jl ^ Jailll ^y> iljl Js 75 ^ iljl ^ 35 ^ *LJL 

.^i 

jj-laJl cylJLoJl jUJl jli t^jLiJl JjJL>c-«JLj ^jJlSI 

i>cJu LoJllP ^JLlaJu la * ejl y>- Aj >-j* JULP ^jLiJl 

_✓ * 

LoJllP ^ISi^fl jU jLaJI jaAllI ^j^a » i Jjilij .L>cjjJUT la * */a ll 

Lf J a > «JuJl -laJt-s^Jl ^jJaLl^o JJLlljj jLiJl ^JLqJLj 

30 Al«Jl 5 ^-u ^jlxJl JjJL>t<Jlj ^jJLj £j\yU 

.JL^Vl ^y\ J iuJl ^ 4uJl j 

A-oJ JLlP jlill ^jjo ojLp jA ^jLiJl P-UaJcltj 

f-Lla_*Jl lailil A1 z\a ^Llj^/I jLI (JLo^l—I JJLPj .^j-q^-qJI 

law./ail ^aU>J| ^l^yuJl law^jl ^ OLi 

Jiu-Sfl j>xj Lf>«I>o JpSfl -ki-sidl F«LlaiJl jlill 
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tjLVl iiJl jUJU Jliirtl IJL* .^>1 jU 

* ^ 

^1 . ktfJl jLiJl £y> IjlJJLa ^ ■ - AjI ^ J| 

^ .kiJl 4ldl (_,» 40 itjl ^ 20 J-J ^jliJl frliaxll) ^jjJL 

j> 60 Ji tri>s-l 1SU 0l ^1 > ^jJl 

(Steeply Dipping jUJl ( _ r ^jJl ^S~» ^ *-Lj jl ,y£-*-t iiuJl 
yJI jL'yi JaiiU ^ iJlS' JjiUijj Reservoirs) 

j£\ y a]oJoj Jil y 

^Ll^I <J y JjSfl j-a i-uSLjJL ^J_j J ,/a: j| o| 

Jit y ^di ^JLSI yJI JaiJl JsJLIj iiiUJl oJla y .^Ulj^fl 

y JyJI otf lij j^t ^1 .y^JI y <ia£ 

(jiJLj ^pJU ^bjWl jZi y -kx^aJlj y^*Jl y jajL h ai\ yj jaJwaJl 
^yj| Jj ji jlsJI y V ju ^yJl JiJ JJ Julll 

y ^ L*J Oj_5o j| i-uiL>cJL} .i-uSUJL 

.iJUl iiiLiJl oli 4l>tvaJl *L>J| ^^jJl ylSlo 

y ^ijJl (jjJ? y jl oJL?-lj c o'bfL>*J| ^Ja-wjo y 

y ^aS/ I y oLJ'bf I y ^1 JLp JJL>Jl i3jJL- lLa$j 

Ji>o i3^JL-j JaIiJJ <JL Jb olijSfl (wiJb^o 

^lpj oJLflJCoJl goUill 4 jjUL«J| ^y (JjJL>*Jl oJlA 

4jI c-la-iJl yl^o ikIiLuJi jl y 

jL*Jl ^JLoJj ^L«JLj ^Jjlil oj L5^’ ^ 1 ^ d * * la7 

•jLaJI Ip^-k-ki £_9JLS| ^1 jj\ I L«Jb la >ii */? ^LaJLI-u*! 

C^l AiJl ^ 70 Lo Jl J^aj oi jUJl 
iJL«Jl jUJi <£j>- j ^jJL^S/l (_j* jljtJl £j* Ai«Jl ^ 90 

k e ff iiljLdil ajSLLSI ^jj i—-Jl ^ X (Mobility) LS ^>Jlj .L-—J 

: J) tp irj^Jl 
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( 6 . 6 . 6 ) 



'jtj t^JUl Jjl> ,jSl -bj>j J 

.^jULS 4*ij>Jl ijlj-«Jl Sjb^f ^La JaJa^j 

jLiJl ^joL^o 4^1i>cjo sL^ Sjji LjJ jLiJl ^joL^o OJ 

li|j .jLiJl jLiJl oij*** Cx* .LA^Lan**! pjo ^jiJl 

4j>~Lij| l c 4 ajL> 43Hail oUa>baJ ^j3jS^ jLiJl 

*taSfl ol^-*-o^oj *lSjj^ 0 ^:)l SaLpJj 

^ i-J jJLia-oJl k—JLIaJl ^jjqIjj tjLiJl Ojy^A ^ (J-iL>tlil ^ jLjJI 
.jLiJl £jj±£a ^_P oJLj_*_j oHLuo ^Jai t *j_p t jLiJl 

oUu>jj Hits' Oj-^J j! i^>tj jliJl t jjo *wJjJJa^Jl i^JJaJl 

<-*ik5l Ji» (>» it t-JkJl 
^ 4.^11 <y Ljip cJuji ^ Oj&i aiui j* c-iui tdisJi j~- 

.iijJLiii p-laill *1^(Jl iwd^^i 


^jjUJI £ts)fl 

{y&A fj* Sitp ^iJlj'yi iti^-'yi 

43tv?L ol jA vJJ^j jl jA 4lipUojo JaiJl ^|j^»I—lj ,-kilil 

43Li? jJLvOJJ ^JO iiL^^I 43Hail jj ^JL> .4****!? *J*j£*a 43Li? 

jLfcll jt 4*J| &»■ O^ 1 b^~ ^ ^ b** J~° 

.^jJLiJl j! la>^lI 4-il../? L>_jjLi Lo-j-Jj SjLtVl ^^SLo-j 

j ln‘.~. »l ( * JJ » S^li Jl*j iiaLp £jJL3*l\ oV ^^Uavs'ihj 

OJL^JI 4JHJI 2^yi ii> Otf ^HJJb JAJ lJ>\J^y\ Jajc^aJl 
ia * ,A» 4 jL-*/? ^_>oJL} ^jJLj 4 JL 1 JL>*J| ^jjoL^joJl 

lPj *£^y' b* * J^' ^1 b* a j£*a jA 

ixj|jLij*bf I ^bj^l aJL>-jaJ Lm^pL>- Oj^j «4JL»cJl sJLa 

.4jJlJL«i]| 
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aJLjlJI oLL1h4*)I 

** • m 


Ajjjlillj A-u I JLIjV I 1 ^yJLeP ^ya <jj, 

aLUII jJr o-lj^l aJUp j .^I^Lo^l! aLU ^p J>^ ^L> Jaiiil 
L^y yJl aJUjJI y* (Immiscible Displacement) £-ly*}U 

£3J-oJl <y ^l^oJl £jL«J|j 0j-d>c-«Jl £t^yJ| £jLoJ| £t^»lJ J^U 

^1 SAiS cS>l J> f IJ^S-l . JU>Vl 

^yA^JLoJi -kill I ^ , ^yld-*Jl -kill! I ^■*^ < ^ySJL>x-> S i 1 kj kd* 11 

jc^yJl £jL«J| ^ IJbkl^l JLaj 0 -!l <y ^yLlj tS^ -kiill y *j >*-Sl 

<y IyJu ^yLlkl killl £_~tj ^yii- c-JLkljj . 0 y*-skl Jp 1 

.oyk/illj £jLJ| JpL illi ^ ^jJl Jj>I yll 

j 

y LfJj ^LjuJI -kilJl £-^U ^yjLkJ A ■» ■» ■» ll (j jJaJlj 

^1 yd^Wlj 1 (Tertiary Production) *iJLi5l ^bJWLj a^USI oliJj-Jl 
iaiii] ^1 j t (Enhanced Oil Recovery) -kill) jyuJl 

ts*k <y pJLiJLil «iiJLl3l ^rlk ^/ 2 a . (Improved Oil Recovery) 

c^Lp . JJL>JLJ j^LijWI j-«-p yo AllLllI aL>-j^qJI ju jl>iJl! ySfl 

Aiilill aJj>-j-qJ| d-JL*Jbil LoJT ,^jL»J| JLaj d^oJ Aillill A-k-j-oJl 

-kilil ^1 p ^ykJl ll klLydi 1$p-i A^l-o-P ^1 p kill! ^LljJ 
Jjlill ^yaJJl aJLp <yb dJLill aJUp ^^Ip aI^S/I jl^Ij .^yLiJl 

JL~$! ^yk yiy!! Ji» c (Miscible Flood Process) 

Jjjyk yp aj^IjVI o^-LiS' ci-JLiJl ^y\ 0 LJL 0 -P p ***/2') pjj 

^1 I oLJLjjo Lsiul L$-J) j-A-til k-S* .Sjly>*Jl jl ^jIj-«JI yL?- 

lij J-kM kbjtat jLS' JdUi Jbu ±JlLz£\ ajI ,ojjjc«Jl 
^ilij j^q-P y Alilill aJL>-^-«J| JLaj ojyt-oJl ^ly>d-i-»i*yI oLUp OJLflj 

dJlS' ojJjl^oJI ^1 ydLj-'bfl oLUp -b>^j tkilJi <wi-skl 

.iiliS' -kdll ^y aJL^I jU y ^^IpI LJLp 
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fl^ijjcdlj j^>«Jl® ^rlLyai .aIoClHj ji>*}\ ^*^7 <j^jX-JI 5ili£Sl 

.®4_L-^_>«-«>Jl g^l I® j_Jb y>\ ^cJLla-sAjo ,*^La_-o £->> ^oljJLj 

y^\j Lilli Sj^Jl ^| \jS*iJ*\ g| 

c j^A-flJl ^ g-l i^-^5jJl oLJUjJI * ij ,4 JLxi!L 

d^i ^LJI 

.[1997 cdLb 


i^ilS ^1 i^U oLU gla- 

Uaj|J JjL2-SI ^p jUJl ^yUJl ^L^iil 4 jJlJL5j 

ojj_*-«Jl I oLJL<kPj . ^ Liil 1 Sjjj*-«Jl oLJL^p 

c ^-1 <LUj c 4 ^*jL^4u*S' * 4-kj^fI LJLojdI jl>-L <oLp 4 **^a/o L <?«11 

^1 j^o iAjL^^Jl ^j<h*g]\ (JjL JL>t1^7 .4-jjj5L^oj 44jjIj-?-j 

^LuJl L yjy>*]\ OjjJl oli iLjJaJl oIjm«-Jj-JI 5JL-JL- JJLo <jjJL>*» 
. Liill j[j dlj^>«j Jp SjlpL^JL! 4^Li/o 4x-tt aIpU <x>tL^ ^Ij^°j 


t ^yjlj 4-LLflJl ^ j/2*g l i (J^L >Oi 

jUJl £jjL>- jliil 

iJjii jLwoJ jJJiJ 4 jU£J| 4lJ Uj JLp Lj^g JLlP JjLiJl 

JLilj 4 ^-a^jj .^jJL/^Sn ^5^Jl ^ Lilllj 0^5>t<Jl jLill 
(^jUJlj ^L^Jl ^Jjj-L!l y 4 JLI 3 

J—ol <j£+-t ^ ^^Li^jl ^Ij .|jj>- U a Ao ^Lb 

c^ji*“L-Jl *UJI ^jJL>- u L^il <jjL j■»*L~7j .i?-ljVl Solis’ 

£$j-«Jl ^ ^AlilJ ^ijJlj 

£5UJI ^ Sjl^ jl |»<>.»* /a7 pjj 

-C*>JI ^ v r > " t/* 

4-L> t * ^1 1 L5Ul ; ^-j l j | ^ 1 l *■* * i 4 _JLj ^ *T Lvaj 1 
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g-l4-JL^Pj .<Jlp jjJ -kij ^^JLp fjjl >*J ^lil L^-J 

4uLl3JLS| 4_*_>*J| oL-jLSL!| ^JL>g 4^7 lailli ojJj^oJl <ajjj-SL-qJI 

fjAA*- jl /j ia-ilil ^lj->iJL^i| SjLjJ JiL Ja-L^ij ^ 4 jJLa-«J| ^1 j-«J|j 

.iJj^Jl ^ol£*Jl ^ >UI £-lljJ 


^jlJ&JI j*p 7*6 

JjjJLu LaJlJjj ^ ^1 iiliaJl ftiiJaJl iSIlaJlfl jytj 

<JjJL>- jyJuj .4jLJajJl 4iUaJJ jJl^jo jJb jLaJIj . 

4jJLlil]| jjS' j^lt^a^ilj . ^jc^iaJl jLaJJ 4jJLJL5j j^L/a a jliJlj la ill I 

p*~g\\ ^ IaLlISU L fi}\ ^+j>Ji}\ iiJaJl jLa» ^..Lil jLaJJ 

.^5 j?**/2 11 JLiJlj c^^>c-«Jl jLiJl JLojj ijL!L-«Jl oIjJLa-^j t2.6 
jajajJi i I ^jJj-U AjJLJL^JI j-a_p *^a ■» llj 

^jJjJl i^oJLLo p. ^aJI Uub .jliJl JLojj ^ ll 

♦ ^^<-Ll]jC]| jaP 


jli-*Jl oIjJUa 


Sjlj->«Jl ol>ji JLLP ^JLlLil L5^ oLLj ^LJav?| 

.jlxll (Hydrates) oIjiA^a ^*■*j ^cJLIL 4 ^ 4* 1 */? c^La a*/qa&t It 

^ l.* ^t (Clathiates) ^L*JI ^uI^i-La-a^ 

^0 IpjJ Alois' £l jJl JL^I j-voj>o LqJLLP 0j-^4 JL2juo 

jJLIj 4jL*JI oljJLjb ^ 4_!L»*JI oJLa ^j .iSL^Jl ^ oltjjj>iJl 


<3 <Aaa^- 4aaJ- Las' j p-LJ I oLjj>J 4a1^jjJL^JI iaj \j ji I 

0LLl-«J| £-o jLiJl oIjJLaAj .4 la a7 jja jl 4 A/aSLxi. a jLaJI oLjJj^ 4_a_3 

, cJLa^JI vJ^jI^jJLaA ^ iaj la a i^oJl 


J-JiaIj 4aa-jJL 4JLSLioo ^Lp ol jJLa j~ju 
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^JLp >~j ccJLJLqJI ^JLp O^*-^ pi 3ajajJl 

pi L*^ «ja*>woJl <jUp! j-fl>cJl oIJLp ^ 3a-L>t«Jl 

J?j-laj- jl c^^uLlSn 4_£^i ^ *L»Jlj ^»««la!l jL*JL! Lf j'i\ (JJjjlSI 
£l«J jl (J-ulj ^1 jUJ| oljJLJb p JSo Jl ol <*-~lj!jS[I 

jl jLiJl .c-A-uLiSfl 3a_>- olSLJp ^jL«J| LoLoJ? 

0ij-^j ^LqJ pi <-oL^S' otaU^j *L*J| _ jUJl ^liaj <>«JLajo 

,^j-LA-k-*liI <^Jl£ ^jA Ljjl (O^l^bLk^Jl 


iiLUJ jJL^a-oJ> oljJL^] aJj^oLqJI AjjL>tiJl SjJlSJI 

oljJPA (Sj^J .jLxil oljJUjJ ^LuJl Jp 4-iJalSl 

oJLdJL-«3| 4 ^a_S'jJl!| ^-3 pit * ■» li ^jJO l * a J^P-^ 0 (J^P jl * «.» H 

* 

85 Jl y>- JLp oIjJLJJ oJUL>c<Jl 4~SJJ| ^y^J .oljJlJJ 

* ^ <0 * 

oj d-p- 4 aL^Jl ^1 ^ LjLb 15 Lj>“j f-LJl ^y> LjLo 

oIjs ^J-Sfl oLjjJjjJL^31 (j/3** jl pii-JI iiL^ik-k^Jl j^l^oJl 

. l ««*•>) ( j/3 d> e^oJ| ^aJ j>»3| p^^Jl 

Jb>j .^JIaJI *L>ol J pli-jl oljJLJb ^L>ij| <j£+i 


^ 1 ^>- jLpJI (jL>Ck3 JLpj JU-kiJl C^JaiU C-^*ljjjl J 4-k-jLJ| JLp 

^e-Jj-«Jl £-Llj^[| < J oLj * */2 llj ,JL«^>c_lj| ( *jja i-jJjji oL-flJl 0J-5o 
• IjP11 ^>3 p l«* < i 1 1 ^iij| ciaaIpI k\& pL*x-«Jl iZ-> IjPa^J 


^ j£u *all jUJlj j»^>*4Jl jUJl JU j 

JLojj 4 2,U| Pli-oO 4 jJLJUi]| j*£> jUJl 3j\ Jja 

4^«j>cj 3JI 4jL»JaJl pl^Luo .4 jPL^jlqJI ^LaJ| j ^L*JI 

jLi-Slj jIj^I JL°jj ^ .2.6 p-k—Sil ^ 

^J-Lk-«Jl ^a vTj LoL&lj I ^| i 4 4>cJLo Cjij^Lalj 

^ iiilyuJi 4^i»PuJl 4_jiliiJlj .(10 m 2 ^ Jil) (Millidarcy) 
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O^Jbc^JL I jLaJI ^JLlfllJl ^-lP jlxJl ^jlj^o 

.ioUalS^I 

JjOjJl jl ^jlxJl saJI ^ jLiJL! ^LuVl 1 laJLj 

v^jIJL^L c_5 jju 4-JL«*P <la^i |jj C^Lfl-fl-kiu v^j|JL?-J ULp tijliJl 

jlp ^j^SvaJI ^ Lo ^aj c 4-JLojdl oJLa ^ jLaA > 3 *■*< 

oLflJLllJl JLaj .^jj_£lJJ Jj ^ Aril la * */? jjL>«JLj la k 

oLjl>Jl j\ <JLojJ| oL->Jl oLp^ ^ 

loJLiP j\ 4 ^JLoJ ^3 <aPL1v2-!I 

Jlil! <JLp ijilij li JiJU jL-^o ojLpjlSI ,jjJL>Jl la ^ ^ <JljJ 
ijOilll ^Lp 4 jjLaJ| JLojj|j jjj>tA^Jl ^Ll>tJ .^llj^fl ^ L^l 
U^> I 5_?-Lauo Sjl?-j jU LJLp 4 ^i^LoJl ijiliJl oli 
ojl^| <A-«jb|j . JLp^I 4_jiLijJl oli <jJlJUJ| jL*JI JjjoL£* 4j>-Li>*j 

4-il^ jLL ^jj-«Jl ^j^laj ^ ^p jLi-Sl ->j 

.4j jjj*0 jLI Oj^ Jyo jLill 

jU)l Jlojj ^j>».,alt JadJl 

.JLp API—JJLj ji -kiJ j_* (Shale Oil) (jj->*-+a Jl lii-l-Sl oj 
oLl>j .4.>/gi> h1aJI 4jiLiJ| ^yoL-^jJl JjilaJl j_>ws> Jb >-jjj 
<JLoj cJLL-^I jl jUil 4la-LAil jj 1 ^^^4^a^LqJLqJI j J-43ijjl 

j\ <JLv> Ujb cJLL^Wlj jULSI j .(Tar Ssands) jUll 

JLojj ^jj>wa3l lailil c-a—Ijj Jj >~jjj ,4aJIp l-o.^ jj 4 -^aI—*>L 

jJl <JL^ 4Jj_la_L^o ^L>«Jl Ij S j *t ;; a jL5Jl 

.jJLjJl 4jlJjL>t-o tiJLo-ktJl 15 ^j^>oIj (Sj^oJI JL>JI) 

• C bJ>l oLltfj jj^Jal! ^yi>- jJ jliJl Jlo J 
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jUJl I lailil j 

Uj i*jyi jliiJl 0LoJUlp ^JbcJL 

dJlSj pJLxJl *L>«jI jLaJl oJb>-j jl5j .^L^Jl 

^yJl yS'LoSlI .^jjjL^Sf I jj-s^L1jJL!| ^llip yx JLjJLaI! i j J ya a 

( L^JLj JbcJ |JL>- 4 JL-<i^P jliJl Jlojj Ja-fljJl jj jhv’ L$-J o j_£o 

.05aS^>«J| o^Lj 

IjLjJj jl AJ >-jjJLSl jl ijiLilil ^ S^LjjJJ 

4 jU3l jl 4^1x31 API—Jii]| JailJl ojl• *-»£^>J| 
lijj J£Aj o-j^Dl (jJj ot <j£*J jl 

jl jl>cJl I 4 jU 4 t y5>Jlj i^LS* iiiLi iiliA dJlS' 

^j/h g ?-j y_Jj_£jL_!l ojlj_J>- S^LjJ P-LoJl 

AjilijJl 0 j_£j 4 JL?- ^^JLp 40WUJI jjJaxjB .Ujj^SjjJUflJl 

I jl5j .yi-L-Jl LoJLJ ^LjJl yip^JLj ^e-«-L-di L«^o Ijl>- <^^0 

y^-> r * ■ *»! I I^jLlaAJ jJj ) I fl I ^-aJ 4 l<-L*jT ^JjOljJl oL^ J ■» I y^L> r *•> * ) I 

.pJLxJl J* <_£jp-l ^^£11 

<L>oll>- olSJLaj 

(Nef) <wi_J j «. . /a: T ,_5jj_ij-Sfl ij-ijJl <>* C^Lr*^ "1 

t[l J-saISI ji.^a 1 j 41992] (Yergin) l y i s* jjj 4 [1977] 

4 1993] 4(Kraushaar and Ristinen) jj jl^ijl jSj 

4 [6-4 Jjyaatl 41997] 4 (Van Dyke) 4iLb obj 4 [2 J^JJl 
4 41998] (Shepherd and Shepherd) j^L* ij a>^L*ij 

.[5j 

4 [4 41998] *-* j* b«" ^-p*-dll -2 

jJjIjj 4[5 ^ .<a a 11 4_vpli»- 4 i ./a;j 4 1998] (Selley) 
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(Press and cr-t-S-* ‘[5j 4 ./a all t2000] (Wiser) 

. Siever) [2001] 


l yj> oiy-L. i-Jj^Sl j-oJl {j£- L-LSLl*Jl ^ la » < 

.[2002 j 2001] (Fanchi) 


-3 


A . A a i j 


t 1992] ft a /3 a i 

.[6.4 J^ill 4 1997] cdLb obj c[l *j*Jl 


iSjMS' ^JojI 4^ P-LjJ^iJl j_P 5_*tiLuJ 
. [2002] (Clark and Kleinberg) ^j^S'j 

ojJjcqJI oLUp ^jP aJL^U. ll CJLktkdIjLoJI ^0 Jbj^kil 

‘[1989] (Lake) iiLV J±» £>-ly 

.[1998] (Green and Willhite) 


‘ ^P^la*!! cjLLsLi^JI t y PjyJ 

«. 1998] (Cassedy and Grossman) jl a. ...j^-p j ^p . .*VS 
t2002] jyJjj t [9 J./» a ll t 1998] JUL^j dC 

.[6 


-4 


-5 


-6 


■7 


10 iS'Lo^-j 4 J^jb 1 4 Jj_tj c ^jlS 800 4_vs> j-p c3 j-p (1 1.6 

^3 1 A^Ptl a/2 ll ll jj w .*>.»ll ^j>«->*J|_j .^IJLjI 

^p jZp j-* 

.(m 3 ) ^.wCoJl jui\j 

i^A^>o ^jS - J* iibS' cJl£ ISJ (t-j 

iij* ^ ji (*->*^1 {j* U* 4 (lbm/ft 3 ) 

<1 (1.6) ^^Jl ^ (JjJ ^ 2.6 

^Jjo 600 ojlJLLo p->nJ>- 
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450 ojIjlLo jf+ju')! la **/pj (SCF/ton) 

< 'ja ( 'Jb jljJl **-—^-1 . (psia) iiJLk-o 

4 SCF/ton JJLjL-J ^1p . 1000 psia iaJwaJl jlip 

. 1 ton = 2000 lbm <L^>- 

JjLuLs^l ( jj> jL& jL*Jl jl jULq (ej 

.(m 3 ) i^aCJl ^uJL 

jl ^ ^iil .^1^5 J-o^j J^jJl ^y» ills' jjp SjLp S jiJ^ 3 - 6 
<jj_t Ja—j c<JL-«l 3 j& ia^jtjijo ^L>JI IJla 

^JL! i^L^Jl Ja—jJ^o j . LoJli 30 iS'L^ Ja— jIjoj iJL-al 10 
^-UJl ItA ^ * ll ^j>c_>cJ| Lo .4JLJ| 25 Lu^j-dJ ^a 

L<aj|j (bbl) cULL-J <j* 

.(m 3 ) 

^JUU JaiiU ^jli\ JiiJl ^ illJLS' API -JJaiJ ii^lp 4.6 

.0.1 < 7o < 1-0 

ii^U PK=Zn RT ^JLJL>J| jUJl O^li fJLk^.1 (I 5.6 

j->cJl . 5g jUJU ^^>c_>cJl ^_j j_SUl J^oLuJ i^oLp 

cjjjJaJlj <a->t la,J| cjjjJaJl ^^JLp ilWjJLJ «r»J AS® *n)l 

(P s = 14.7 psia, 7^ = 60 °F, Lo JUL: * 7?^ ^ «- ?-l L_j 

** <y> . {P r = 2175 psia, T r = 140 °F, Z^OJJj Z s =l} 

(RCF/ ^jLjco i^^ji^o ^jl 5 ^yu^o c.^^0 ^ jl 5 olJb*-jj 

. SCF) 

(P 5 =l atm, r, = 20 ‘C, Z s =l} ^ v ^ ^1 (^ 

SJb-* B g J* . {T r =60 °C, P r = 15 MPa, Zr = 0.9}j 
. (Rm 3 /Sm 3 ) ^jLjuj <^*SL l-*a^ 
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^ iJUxlIj (t_j) ^ aJLqjJI i jju (J jj£\ Lo (j 


llj jjJ>- ^jA pJL*JJ . 5,000 ft 4 jL«^P jLi jJL >cJ (jl 6.6 

4pLk m 36 oJLqJ AlpLd 0^S^Lk j* ^A>x}\ 4-*Jl! ol 4dla* ^ ll ^3 4j2jLmJ| 

20 ft (J)4la—^ILeJl , L^Jl JLl— I ^ j|^ ij| 

t y>A o yij ,jAs>t]\ £yi 4pL 4jlkl*Jl ^ o^^saJI ^ 

0 <Jla —jL £-i^ c4-5_jL-J| Llj bLii—IJ 
llA 4 J.oUL— 8 ^Jlj->- (Jj->CLfc-u j^2j>cJ| 4-o-flJ (JIJLkl— 

4-o-flJ JlJOi— Ij (> jJL> cJl l— 4-JL<j^P ^Jb 

ojjb ^|JL>«_I—L .a^jL>cJl J-i—I oJLjJL>cJ| ^jL>cJ| 4-«JaJ o^lp| 

jX Jl jJL>- 43j_a1a^-l— ^JLil ^jJl i—^-^1 (OLo jJjc«J| 

I ^iill JjJL>Jl ^1 JLpL pJ I . 5,000 ft ji 



<s*w ao» 


!>*>** 

(ft) 

(hrs) 

(ft) 

(hrs) 


. (6.5.1) ibLUJ ^ (6.5.2) &LJ| ol ^ (I 7.6 

^iuaJ ^JLaJ ^ ^3 aJIJLS' ^3 Jllll cJj^JCoJ <ajLj 43 ^ —^1 

a — 0.06 j|JL>*JWilj*-«-j JL?-IjJl ^j-Jl ^ 10,000 

ojLoij Ol US' coljJi-k-JL ^-*>0 .41— 

. 41 — 50 0 Lo 

<_r* J^j-! (lr° J-*^ erH Jl" -^-H cr^ ^ 

V 

.n = 1 £-a (6.5.1) itaL»-dJ Jj» ^ q 1 — at + qi 1 (}l ^Lt 8.6 
(Harmonic Decline jJl jIjl>jVI J>JL> <-» y *j JjJI IJLa 

. Solution) 
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RE £|I S.Ltfj Evoi Stiff (1 9.6 


0.75 

Soi 

0.30 

Soa 

bliSU 750 

^.isai «».L-ii 

jliSU 1000 

asai s».l_ii 

jb.1 10 

^^sai <*uji 

ty’Lr* 15 

jsai is-u_3i 

Boi 

» Boa : r^Vl oljJl- 


Solis' (twJ 

( y^j J-s^Li-Sl -Ia->*-!l JL^P ^L£_*_JWl J-«La^o l.« *■* >■! 10.6 

I iJbll < j t ^jL^>JLj 


5000 = i-Ui^iftl ip^Jlj 2.3 g/cc = v^>Jl iiliSJl :1 UJJI 

.m/s 


5500 = ip^Jlj 2.4 g/cc = -w«Jl iiliSCII :2 <JLk!l 

.m/s 


^-P ^ pJ 11.6 

pJ \1 a jlip Jail i XliS 'li ^JiS 9500 (ji 

^-jJUSl j-* L» .6000 psia 4 jL -la_*va]| ^jJLfl j 

jJb jL-Jl ^la** JULP law.^ail 0^ lij j £--Sl S y^>- ^ la»./aj| 

. (psia/ft) J£J psia JJbU-J ^ JL* ?14.7 psia 

* 

^aXaJI ^^Lp Lq j - laxvaJI ^3 ^aAaJI ^A l a ^. ^l i 


.L«jlJ 30 ^U-u-j 0I.Ii 1100 uj Jj > \*. » C 0 jl ^jX >jlil (t 12.6 

a !i la * 0 jJLa^ 4 JLqJ| 18 jA a. C JU 4^uoi *«*.» li la *m jJLfl 


295 




Ja-iJLj J^L^Jl 4 -JLj .4JLoJ| 35 jJb f-LoJlj 

JjLj RB (1.2 RB/STB ojJLs JjbIxj 

<y uir*^ <J Jj " STB -> <J^°_r^' 

SJLs-jj ( jp JaiJl - Lj’.i l 

.STB 

iuJl ^ 30 ^1 JjiIp 0^ lij (<—» 

MM STB g^jrJL>-j-j ill * 1 L>-^ ^p j^p ?<j^L »~ .<1 ^ k> j -11 
. STB 0jJL. 1 (^jLJ 1 MMSTB ', . ni^j 
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jjUJ 

2uLm*jlA\ SJUalt 


<5LlaJl £ljjt oUaJlj iSUoJl ^ JS' 

j^UaJI S^jl>mJI j*i> iSLkJl ^^Ip J^-p 

^jJLp ,j^La-«J| JLm S^LpJ Jjbtjo jjUdj JJL*-<kJ 

LuSLqj c ^j-9j-U LktkijoJl oLS' ((JULqJI 

ol bfj c ( j^Ka JLp ^jl>*i>o ^3jJl oj J^iil 

•Oj^S c5^° I jj^>t«Jl 

JLl># oLp| JJLa^o jjL>iJLj JjL*-<kJ ^jj-ij>-bfl ^jijJl kllJLflJL JIiiMj 

Ua jJL*lJlJ .xL*JLo ^P ol J^JU LJU c^^allSl 

^ JaLLLu, UJ> t J^o (£jj^\ (J-^4 

i-jL—bU OJL>d^o <3 Li? j+1aZ& A — ^ iSLlaJl Lol ,4j2_?-*)Ui (J j./ia]\ 

.'yisJi 

( jjo [ 4 a 1P J j-v2->tJl ^1 iiliaJl o3JL>iJL<jJ| iiliail Oji 

^j/1 a A il JLm oLpJ JJLa-^o L^j jl ( yja Jj| JjLa-o^J j^LsAjo 
iilkJl 4^+5 Jaitf Ll^LkJ 4 iiUaJl <]L>- ^ j .jJUaJI 

**» l i J»P Lo 0^^ *•* )l o^3 ^ «■» ) i 

* 

j*& Lijjju ^ - — -> -- il iiUaJl 0 Jj‘~- *-j f-Lo-L*Jl *. la » < jU t ( j«« — ll 
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cr ^\ «y 4—A ) j iSLkJl 4 ^LiLJL>«Jl ^J .iiLkJJ <^^1; 

,JLj>-V| ^jo jljjlaJI 4 L 4j>'Llq Lj_)l 4oj jl>«->5 

45UaJL) a]oJj jj^}\ 4dHall j-^L/a j j . O JL>«JLq 4.^ a All 43 Hal I j^Iaj 4 klllJH 
.OJL>ilLo lv2j| j^Iaj 4 4jj-l>*J| 4hS3l j ^AjjJ| Jlo t 4 -j-l-o o-iJl 

4_la-^i| j_j 4_SHaJLl ^ j j-*/? 4_*-kil Jjj_>cj 

( j^Ll^1j»\ ^JLp ^5jIj_>iJ| JLaJLaj .o^JbCLa oLJLjP- 

4^1 la 11 ^l>*J| ^Jjj_>*ll| JLqJLajj ,}j\j ^ la ^ 4 All 43 Hal I 

4Jli? j.+Zl'l)jJL^\ ^-JL*jHl jjA-P 4 ***** *t> ll 

.4^ 4^SljlSLoo 4JU-P 4 _>ha 1) jLu JLJ jJ ^jP 

oL>-jJnJl ^JLp olkp^-Jl iiLtj jJl iiLt Jjj_>c_j 
4_5Lt JLJj_li la a>il^J| Sj|4j>-j 3 oL?-jJLlllj ^j_>tJl la a ya il 

S/jl ^ J^l ti* <> -Vkrt* 

4 r ^/Jl 43 Hall ijlAi JJLSi JLaj j 4 y jIaJI 4^-yfl-tJl 43 Hal I jJL^o 

(Passive i-JL-Jl 4««-«..til iiLkJI iiJ^llI LjJLSLil ^ < y^\ ^ 
vlJLill JiC-SJl J . (Active Solar) ilLiiJl i^^lll iilkJlj 4 Solar) 

^H>iJ J .^lill J^aill ^ 4^illj 4 4^a/JI 4 4^-^ill 43Hail 

.4**«*a**>11 4-*jIj j^^ll 43Hall Ua>*^a ^P 4.^ 3 HaJ ^J-^/a a 1| |jLA 

Ay*.iH\ 43U9JI jJUxo *c 5 J^ 1.7 

JpUj ila^il jHjIj ^a/JI JJLo fj] ijulJl 43 Hall d\ 

l» ^ a 11 4 2000 4 (Bernstein, et al.) 0j j-^Tj ^LqJLJVI 

4 4..^,lil 43 Hal I jJL^o p. ^ ji 01 Lo lijj .[5.18 

^ .*> A l l IkXA ^3 . lSjj-LSI ^LoI ^jp ^Lk-kiSfl * I 

Jajl^lll iSLlaj 4jj^lJl 4-ll^Jl ^-a-aLLo ^jJlOjj oljjJl cjLllS'V y >-jjo 
^3 I ^LoJb'bfl 4 -JLaP ^Lli JLaj ^jAjj 
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l\j)\ .JLitfl 


(Wilhelm jj (JL<JLi ^LjSfl jL*Li jl5J 

<y (X-rays) a.:...!! ajlJS/1 1juJl>- Ip y Roentgen) 

t <J^>- yt .J <1)1 4il 4j*_i! i-.allaT.-l jJj , 1895 ^lp 

<—1 y~ ij * t > " 1 1 4_*_^ l^p'jj ojy^ I)0l_j 

1896 ^Lp <y LpLjiJ,) LL>LU (Henri Becquerel) iSy* ( _ r -JyJl 

j-Jljj-Jl ^JLo ijjJJi ^ AaIaa-JI ^j>hIj jj ^p i)\S LoJ^p 

ILL-) (Marie Curie) lSj^° ‘ j a-jLj cJIS'j 

j^jlj (Maria Sklodowska) LSL* j* jA5L* LjLo L*«—.1 OLS* 

i LliS'l ^p jMktJ {j* Jjl (Pierre Curie) <£jj£ jLj (IjuJjj 

^j-jj ji jJl L Ijla L^« Jij . 1898 ^Ip jujl?- 

U ^ J- 51 (polonium) 

ocil IaU^-j iLi>j ^v»lip ^ aIxaIaJI *i>CkiSfl» (Ernest Rutherford) 
P 4^j_JL^jJl SijJ jjb ot ^L*-^ oL c-Sj-a-j ^j-Jlj • Yj ^ P ^oc 

jL^ 41913 ^Lp JjJL>«_i j .^ySLlaJl ojJj-iJI j_a y 4 jjjj_£JWl 

II Jl3 lyJL^L ^ ^ *JJ*J*J 

olj j£jo JUJL>*j Jbj ,oljlll I jJl!z£\ j iJjbca 43lij cJjLfil Ot oU^l>- 

jjbj 4 Ljj^? ju jl>- ^ £-« 0 j-j jj-Jl 1*1 jlaj Lo ^ sijjJl 

^ bjy j-Jl (James Chadwick) dLj^Lij tr A i > cXli^lj .0j^j-dl 
•*jj*j*j s?*** <_$* 0^ L°JLip 1932 ^Ip 


OIjj^o jl 4 (Nucleons) jUL^o jjyj^lj Ojjj^I <L)| 

JjOjJl ^Jb ol^lil 4^«fL-dSfI vJ^Ij^^oJI ^JLaJ ^-*^-^1^ *ol 

xip) ^jJt!l ^JIaJI 4 l ^jL*-l^]| j*/2\n il j^oj ^ 

ii^UJl A ili^Jl xtp 40 Ujy^-jJl ^JLp JVj 4 (oL5jjjjJI 

:iJhJI 
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A = N + Z 


(7.1.1) 


4 Lj ibUiJl ojJlSI 4JL-JI oLlj ^jlp 0[ 

SljjJl jl SjUl ihZj .Z <ij>c-ktJl oUy jjJ\ ^jlp ^jL-J 

jl 4(Atomic Mass Unit) UjJLSl UOlSLSI SjlU^ju L$jlp j4-*-d 
—^ 4_tal*i>o oji 01 amu JL?-I jj . AMU 

oSs>-ji iJUJl j . 12 LoLgj ^ 

. 1.6605 X 1(T 27 kg ^ SJL^I^1 i;JII 

^QaJ Si ji J| oDJSOJ oLioil JLflJ 

cbL0)j 4 (Isotope) 4 (Nuclide) Sjuy ol^-jcdl blis^.1 

IjLjjJjU UOlSUI ^jlp J^LjOoj 4 (Isotone) ^0 j_jjJ-j 1 ® 0jj-jj-~JI 
A U0l£J| *jlpj Z Lr -iJ LjJ L5 iJl S^JLilj .(Isobar) 

Z ^jJlJl ^JLaJI flJ LjJ ^jjJl jjLlajJlj .oJLjjJ ^7 
4JLL0JI ** ^^JLp . N oLIjj-Jj_aJJ| ^JLP ^ 4-iJjL>tjo i ^ 1 £Jj 

0*>3lj 4 Cfc 6 ) 12- 0^>JI ^ Lit ^Jl jSlkJl 

Ua 14-O^Ij 13-0^31 01 .(^s) 14- O^oSCJlj 4 (*£7) 13- 

^5 iol^Jl ^jLlaiJlj .01 j-<£a-jo ^p U^i ^ULjj 0L*^° 01 

: 0^-U^ 1 ^ ^Lo jJVI 

Slj-H 4(^11!) 0 jyji* Si jii 4 (|H 0 ) Ojjjjj 

^j^p LJ LjJ c5j-Jl ^ oUjJj^jSflj .( 3 iH 2 ) 0 y^iy 
oljLijjjSflj .Z oLljjjj^Jl ^JLp ^ j\T oLlj^jj-jJl 

JaJL>*Jl ^JLp .A 4-Ll^J| ^JLp flJ L$J 

la ^ jl L ^—Aj £-0 ^5jjJl iwiv*jJ f JL^L^ll ^tJHa-sA-oJl 

LSUjoLljJl!! ojLsJI JaJi-s^Jl ^^JLp 5JVjlL! KjLjjjjI® 

■» ^Jhlil ^j /J o l l ^Lufcrfl ( *jA l ■» ^ A * t 9 
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SaAj}\ 3U>J aksai 

a5*>L»JLi Z (_5ji aJpj ^4 5k£ aJp L$J ^1 SijiJl ills' 

: iJbJl 

m(N,Z) = iV/n, + Zm p - g( ^ ,Z) (7.1.2) 

c z 

*J^ll ip^- cj cOjjj51^ m p j ili£ m„ <i~?- 

aUJl ^ ijl^sJl aitj .Sl^Jl -Uy iiU? Z)j i^lyUl 

.(oLyJI) Jl s 'i^WJl 

jjJLfc] 4 jqJL>*I***J| (JjjaJl ^Jb-J ^ <JjL- Q^lad*) eljl)| 4 jjj jj, 

( J1S ^ ’Vjl OjjjJaj pJ' eljjJJ ilSLJl SjjaiSl j-oJj Jajl^sJl iSLi? 

^ J^qLaJj 1935 ^Lp ^ (C. F. Von Weizsacher) 0jJ 

ejjaJLSl j-<J ^JL>*I**I J3j .4 JjL-J| ejjaiJl ^ olji LjjtSj oLj jjJl 

JllJl j->*jJl ^jJLp iaj)yJl iSLIaJ 4-4 -l^ 4_taL*jo jjjJalJ <JLjL-J| 

: [542 ^ t1997 (Serway, et al.) 0j J>Aj < 5 1 jj **-] 

B(N,Z) = Ci A + c 2 A 213 + c 3 Z(Z ~ 1) + c 4 (7.1.3) 

.(7.1.1) 5-bL*-«JLj » >qj Zj iV ^ 5Jta ^4 5JLi£Jl ^JLp 

eJjb .JajljlJl iSLkJ Vj-JLq LjjJLj *7 (7.1.3) 4-taLa-oJlj 

^j a A i 0j^Ldjo LjOjJL?- t *jjo O^f 4^-ki® LjjL <i^LjceJ| 

pd ^ J* ij^uJl { c u c 2 , C 3 , c 4 } o^LI^Jl 
^ (ci^) (Jj^fl JbJl . <aaj j^*iil oULJl iU*Jl 2 ^ A La A i L^L-j>- 
^ t^LsJl pL>t>Jl Jb- j (7.1.3) iSiljcoJL! jj^Sfl t_S^la)l 

JbJlj .eljjJl pA?- c_***ljJIj (^AJlj iJbJlj Jajl^lJl 43Li? 

oLjjjJl 0t 5JLJL?- ^tia-L-Jl JL?- «-ji ( c 2 A z ^ 3 ) ^LltJl 
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JjoISJLj 4^L>cjo <JLjL-JI o jJaJaJl j-flJ ^ SljjJl 

fjijS yLJ JUj [C 3 Z(Z-l)lA l/3 ] iiJWl JL^Jlj oLyJl 

[c 4 (NZ) 2 I A] ^IjJl .SljjJl ^ oLjj_jj jAi 

SaLj £* iLdiJl <£j^\ (ji JUbLiuJl JajIyJl 43Li? ^ 

*/2u i N= Z LoJLlP jJL>0 lSjL-j £_j!jJ| JbnJlj .oLjj y j-jJl ^ 
(7.1.3) ihL*Jl o^LxJl pij .iVZ LoJUlp JjIjli JSLiu LJL. 


Cl =2.5x10" 12 J, c 2 =-2.6xlO" u J, c 3 =-€.114xlO" w J, 


i-12 l 


n~ 12 1 


c 4 =-3.8x10 _12 J 


(7.1.4) 


i Jajl^JLJl iSU? <JiL»-o jjJJ {£j^\ ajJL>- iiL*?) ^j-SLa^jj 
f ***-*^^ I fiJUk 0^ )i| oil? L -4 *— 

,^b£ll lJuk Jlk 

L*JLp ^ tip J£J J^IjsJl «U» (1.7) J5LUI ^ 

,N=Z Lf-J ( _ y iJl jjJJ 4..t iajl^ijl iSLl* iJaLiu ^ 

^ JiSlI p-illj .A>24 LsJlio ZSa psl JSLill 1*1* ^ 

{jt aJLP If! 4 jjJ J^J SJol.tall Jajlpll aS 11» OLi ti*JLll oJLa 
«J uk .( 24 Mg, 20 Ne, I6 0, I2 C, 8 Be, 4 He} olJL.pJl iiilj,:* 11 

aJL» oLIpUaaJ aJbJl <5 jL~j <JLi5 ^IJlpI L$J olJbpJl 

y J£J ip J£J iKJl JwlyJl «U>_> .pJLpi Slpl ^4 = 4 «h£ll 
iJLp <iU? ^pj AjT pju L«-« • IJ^J- a jS'.^a Ipl pp oljbpll aJlA 

. LpLjpLa aljll| jL.ll 
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N = Z Ulie. kjji jsi iajlja AaUa :(1.7) JS-SJt 


^4^»*JjJl 04 j kj|^.lU 43Ik ^jJLpI 

Jj>xj 4ilo^o ^9 olj^Jl ko^j ^l]| 4 jj jJI Sjji]| .A ~ 45 JLlP 

i^J J£! Ujii\ oik] ^ ^^ji 

^ j_l I jjLoj ^ 45 

olkU fjZU-iJ .A > 45 LoJllP Ajjj J^J k)l jli\ 43Ik 
L>j oj**S^ ^ 0 j^j LoJLlP ^j*^j12LLo ( j*^-*3 el^iJl jikj ol 

SJKJl ^IjlpVi JLlP 0^0>tJ (1)1 jJfe ^JJlj 44jli^]| 4*3 

^L^jI ojo .A « 60 j\ A « 120 3jJu>- ^ LgJ 4^J Jil ^JlJ ^1 

.^-jIaJoJI J L k *m>J I t (jk-fl 0“^ ^ ^ J I a mJLo ^*^**l 3 J 1 0^*OT ol^j 

c o^**S' ^*5” 13 o^L)J^ wO_p <^J|j>*j ol I«/?11 ^Lk*uj^l 1^ 

Jbj . JA sil» J1 c 238 u j! 235 u rj JijjJi ^ Ji- 

JO_P ^LoJb'ill i_s^ iSU» (jiJaJj ol (j^-«-J niJUj ^ 

* 

. I JL>- o k-$-I A ^-JL ^pjLJlP^ ^1 jj 3L>xjI 
OllJlp j»-^Jl Jb Ij o3_p-j^Jl S3LJI ol *£j 0j\y>- 0-j3 ol 

* 

o^LpLiiJl ( j-« *ljj>-lj jJjjjj jj j-jj ? 1 iJjf’ 
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tcJjb ^LiJLj'yi 4 JL*p * He t4jtSLiJl j*Ja j Si jj 

iSlt pjLi i jA\ ihS3l ^ ^L/? jlSj ISLia 

iL>tj| ^LoJU'yi J^pLij j 11 ** y* (jJjSfl SjJuiJl 

• y^' ij f s 'jj oijfiA ajyjji 


p + p-*d + e +v e (7.1.5) 

(_^ S 'jj J* V e *^- 

ljJl SljJ 0tit .la ."jjs Oj_jJ j-Jj 0jjjjj 

• (j* OjjjjOl £* ot 

d + p-^He + p (7.1.6) 


LoLp o jj jj 3 He cjLl4>cJI ^j-1-^ 11 j-!»■ el jJ ^j^il 

^ I ■ I ■ ^ j^-l ( ji ^ .^JL^JU ol ja. j ?- Qlj ^ la i j >t~^j , y 


3 He+ 3 He-> 4 He+2p 


: JbJl ^LulVl 
(7.1.7) 


^1^)11 J^Udl iiliS' £» 4 He 

: JbJl j>^\ J* 

4p —► 4 He + 2e + 2v e (7.1.8) 

JiLi JL* (4.27xl0" 12 J) 26.7 MeV jJLk-i ^UjUVI 

LoLp a » <L + H aSLIoJI IjlJ .Au^JpLiaoj jq £ aS j >- <iU? 
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^ <1jJL>ij j ojjJlSl U ji*-l ^LoJLjI iJb*P liliAj 

a.[ 6.15 ^iil 4 2000 40j 

a-JL^p ^ 4 He Oj-S^T yjLp^i] ( 12 C)12- Oj-Jj-£-!I i-Jj-jj^Jl ojjJlSI 

{£j * ^ * 1 d* 3^ a ! i o j_£dJl o— i-*j dJ I j} l a > cJl o^kX_*_A_^ 

L fS\ ^3 Jaiii djJL>cJ jl ojjJlSlj 


ojjjJl ^ jilts' 12—^ eJlS* jIjlLo ^^JLp 

o^-pLiiil ^jo ^ip ^3 2^-4 0 j-jjXjl oSfj .iJj_jj-£Jl 
^fl-laj ^ aJ*^ 1 ojjJLSI ^ b>-LoJLll Jl!JJ ^jlJl ^>dJl OU 4AjjjjJl 

.o j^!i sLtj ^3 La*-j i^-Ilo 


j+£> 2.7 

A^li^ A |yo<»!i A3LLJl 1 ^ a 9 ^lll A-^o jJI o^JLfl J i 01 

^j->dJl SLpJl ( j-«j ^ip JLdL*j iiLlaJJ jJUa^S* 

j-«~p ^ aJIjl? 15jJL-j .LjJLj>- ^joj f-Lul ^ 4 jiJLl>^o Jj>-I ja 

>dJl p-j) a *> a !i ol o^^5LLdJl >cJl!I a *> a 31 ^ ^>*_aJ| 

J^lJl ^ .AlllSj ^J>dJL! ^ylJLuWl Jl>o Jjo|^P JLp JLdxJ 

^ * * 

<J“*p- Jjl jLSj 0jj JjLio ^j! 3 ^! LJLj U—*j (2.7) 

(Ejnar jy^ 'yjt* ^^jL^JlSI aJL^JI ^ j^n ^Jl oJla JjJo 

l£ j* J^Ajj U*Jj cHertzsprung) 

U^a^aaiL iJLJl f^-jJl oJLa d~*^ . (Henry Norris Russell) J^j 

F>JuauJ| ^ A ! A .» a 3 obi l*jl d- - 11 Jjj (H-R) — ^Ll j A 

j-Ju ^Ji,» p a^jLJI ^ a.^JI oJLa ^jJLo a aa*Lj^ .» > dJl 

lt.- n .M L-l.-?n 


305 



O B A F G K M 


hUal\ 



,_yi c-JjJl oL (2.7) J-SLlJl 

UK* ^y^U3Lu*<Wh^»j I ML^J . l ^J^-SA_LMIL^J I 

Lo-jj 4 0^1 £-*.&.i JL?t-i .Jl^JLSI ^ Ja.Hlx>.il Ja>*Jlj 

^jijJl iJLfc ^j-^aJ .1^ j>-jjJL*Jb kAA_«—l_A> 4 AdMUQt^' 

^**^^*<3! ^r la >*> ^Uk%Jw«-«»^ £ 4— JlJI ^ ^3 0^l^>*Jl 

4—kSl j^Jl £^JL)Lj £***1*J| ^tJa-w»Jl ^4 AjL^JI 

.LS^U^ L^J ^2i^ o'y 4^^! 4iJUS ^ Uj 4aJl^IjJI 

4 fJ?W^ 4 c£jj*^ 1 Aj2*M*M«A«kA> 4 L n ■* 3 jj| jjy> £>j 

*LoLdJl <Lk_JLqJ| A^llaJl 4. ^ .4^j^L>«Jl] jL$jI 4-L>- y*~> yoJL*MuLu»^ 

^ j & * J1 ^ ^%—^*—J f _<~^1 I ^ JI cJ^-^x—) 1 
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4LuqJ| ^/Jl 0j-Sc— I ^ja JS* L j&- jLjj'bfl 

* * * <# 

( y& Ls>*j 0 j^Jl L^jlLiS'j LjjLsU? la ■ j jLl>ujij t $ J-.--I Lojj L*j>«j 

.iuiUJL! Jb jl>- jjj 


J^-SfLj Lp jj ojy»A j j-* H-R JUI 

J ouIaJI ilS3l iSUaJl j\ i (Luminosity) £ja~. jb^Nl J 
AjuiS I jl M*j . 3.8 x 10 26 W LjjSS (J-— 1JI .SJb-IJI iJliJl 

Lj^2j Lf * j_5jj>t!l JJ iJU*»ljJlj ^-*. 11 1 ^ i»jL2j| 


^LiJL; 1370 W/m 2 


j-Ij ( J-^J olj 1370 
. (Solar Constant) 


ills' t_-*-SLo £JJ Jj L sfar — liSj 

p-“j! J (J — ! ^ J jJ! dUij M star ^-^oil 

: JbJl ^1 Jp 5WUJI «Juk ibS ItSUjj .H-R JUI 



jfi\ JsSat oli .l«sbS M,j l^i gjk- Z., ^ 

ijijil _jjSl JJ g\samjj ^Ja*« J 

J**j ^1 Jssai oli <3li t .jftl Jkll oli 

jiij . JiSlI J^JI olj fj^l <>• eba- If! ^ Jl 


(jjb>- ^-»«j sLp- [439 ^y» «2001] (Silk) iiUL^* 
:il H-R JUI ^-Jl J ^Jl JJLJl Jp 


w=io 10| ^ fe 


A/, 


-2 




» y 


( 7 . 2 . 2 ) 


<jilj-ij ^JLSIj tLjJ sL>Jl ^joj ijLjJ ^ ^LoJUp 
0j-^j LjJU Lw^ij iLin*-l jlip ^jqjJI 

.SjJjuJi oLL^Jl £jA JbJbJl £jA Jb-IjJ 4 _*v^L>- 
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^ yJl - £j |yj 1 j ^ y>*^\ y-*J OJ 

T _ (Supernova) ypJa^Sfl jl (Nova) y :.-■»!! 

pJapSfl .^Uap^ 4JLfli3l y ^j£3l L5^ 

oL JL5 i*jj . ^y-l ^y*j LtiJj Jb 41* ^jJlj L*jJL-h JSLtu 01 
4. dJjS' yJl o^LJl jJu^aja jJb yl^oJl pJapSfl pAjJl jL>bdj| 

^jJuuj .4yJl oLul^Jlj t^yjSfl dJJi y Loj LjJ ixjliJl 
4*y Loy*j *Lij| y ^y-Sfl ^y^Jl 

L^Jjj yb cuj>tj ijuiL^JL! jL^JL yJ ^ y-Sfl ^y*i!l 4 -JLj 

U*J •J'jy^ ^ (_r— J W ^ ^ cPl 

ioiUJl jUfj'V ^JLjjJl <j^la!i 1I y *byJl vyyiJl 4 <JLJLi oVL>- 

y oLJl ^L>iJl!I J-j j\? y> cJLSLiJ yJl ^y.*.; oj 

o^LpUiJI JLa-^’V ijliSUl 4lJ U, c--J J^ajJL-JI ty^-Jl 

*/ 2 jj ^j_>«jJl 4 la ***lj-J ojj-l^Lo oJLa 0 j_£j JL5i .4jjjjJl 

iyUl oj a»^ il oLIjla^Wlj 4 joLj <^a5'I jS jl 4 _*_)Lj IjLqjI 

^ r aa /3 ij c-aS'I^^JI a l a L a^j-uxI J 3 ^jJLaJI ^y yUl ^_j ^yiU 
4oLa_^_jj_J L-sAjI ^ * */a 7 yySfl oLiljJa-s^Wl ^y * ij .IjL«^ 3| 
jJl u^£]| y jjoi+Jl 4-JUjJI oJLaj tlSjLJj ioLjJLqj 


2U*A)I aSlkH 3.7 

JSLtJl yjj .yJl y 4lxJLoJl iSLiaJt yb V^lJl iilkJl d\ 
y 4i*yJl SlUl ol JjLJI r A^il y LjIj JL5J .^>ijJl c-A-^y (3.7) 
y ^LojJ'yi 4 -JLj^p JjJL>iJj ^LoJjWI 4ia-^iljj jl!jJu 

J.1..7 ^LoJLjVI 4-JL*-P <ia—I jj 4tfHa.^il iiLkJlj ^S"y jl c-J 

£L*-l£VI aa ) a\a y ^y-l Sji y c-JUl y> oJbtiy 
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Lfej jj-a j 4_ JL!l ^jA iiUaJl ^Ulj| £-oj 

j>J> L$iL>-j iiUaJl <lJ ir* l^I J^ 2 -* 

^j-a py>*Jl l*i-k .(^jl j>" Lf-y^Ls^aj ®jl^tla»* 

L ^»^J| 4p^jJl j . (Convection Zone) Jl*j>J| ialaia cr^-4 

* 

a* 1j 1' ( ^j ^a«JI f ^ 3 I ^ m>j 4 (Photosphere) L> 

i^Lpt-a .^^-ws^^LlA-ajj_g_$\Jl 

y* iiJs* ^ ojLp ja jj£J\j . (Chromosphere) jJl^ yjj£J\ 

.jaJL^ jj jjiJl ia^>tj i^Ul oljUJl 



^aoli <-u£jj :(3.7) 


AJa^il jj 4-*jL) 4-J.^Jl iiQaJl ^jJi (j| 

ioliJl iwiVl . 3.8 x 10 26 W L yu ^jL-j tr ^jjl ^jk-j 

JJLp a^.^1 ^_^>Jl ^ 

j .[26 4 2000 4 (Sorensen) yw^j^] 6000 K 2jl^y>- 

^y>*-Jl c-3^L*Jl 4 _L*^p| yllj ^a 4-aiLdJl 
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J-^ 0 1370 ^ 

oi Lk jjLo ^jSfi oSf ^jJi 


ji ^ui 


-Ul c^Ul 


^*j iJL*Ul iiLuJlj Jl J^jUi*j jlJjo ^ 

iJjb JJLqJj .^Ul jlJLo ^/Jlj ^yS^jSfl ^tk— ikfij 

. Sft) ^^51 cL*jL5I ^jIp aLlP^fl 

^kj^l jJa- J1 J^flj ^Sll a~^Jl i^lVl i~*s 01 

LSI i^Sfl ^jkJj . (4.7) jX-Jl i>«-ikj^Jl JJj-Jl ^jlp 


4^L 


JLqJLaj ^^j>cJ| <i_$^jiJ| 43 L^- JLlP 4k3LJl 

.g rk « Jl £3^Jl (jlp U^jIj ilj <j*J*Jl L3^ 

01at 4-kj^ -k>- (Jjjk ^jP £tk-JJ jJl>iJ| £j-oJl JLjJLm ^Ltuj 
43 L- JLlP ikiLJl 4**-^-iJl 4**tSfl fj&tPj 101ong ^jk ki-j 

;^a <£j**S\ 


^inc(*>^lat>^long) “ *^(0 cos ^(^^lat >^long) 


(7.3.1) 


4_*_*tS[| ^kJ ^-J <JjljJl <j-* (*, 01at, Slong) 0 jJl 

-k>- JLIP £tk-Jl ^jJLp ^ij^jJlj f j^ojJl JLIP ikiLJl 11 

-®long JjUl 3a^J 0/^ ^k^Jl 

J^UJI ikj^ ikiLJl < r ^/Jl i*-iVl ^k^ 01 

*LkJl Jl ^1 4 r -«/J l 4*jS[| ^0 *^>JIj .^kjbU <^>01 

.(Albedo) t^kLJH t5 i-J t^^Jl J5UJI - ^kjVl fLkl ik^L* 

* 

1 (0.2) <-*->* «- ll ^_p gJLJ j_aj 1 0.35 Ljjkj (^jL*j ^jkL-Jlj 
^jSlI (>« t (0.1 ) iSjjjJI ti*5L*Jl oLtj^Li-j 

pij (_g(_jJL!l 4 «... a .111 oi^lSil .(0.05) 

I c)J l 5^ 4./ai>- 
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^atm (ft ^lat ’ ^long ) ^inc (A ^lat > ^long ) 0 (7.3.2) 

^ ^ ^ 

^jVl <>* la-ju Lfi rt ns iM4 J ^ 1 ^jj>*JI cJ^L*Jl ^ Lg-s^L^ai-ol 

i pLoJI^ i p'l^gJl (J-'- 0 c-9^L«Jl oL^> a!s^j»\ yj 

^3 J-s^aj C^L^uJl Pj-siJl {j* ilj t jlJJl oIjSj 

J-^2J ^iJl A^wm-q^aIJI \ ^Jl_ AjL^JI 

0 j-iL-0 Aa-wm-Q^aAI 4Aa£1 ^.Q^aalJ ^9 ( V^0 ^IxwW 

UjLl^l oUJl ^Jtii jJ 


^UJI ^jl^Jl ^L^fl 

ojlj^*Jl la AJLsJJL) A-j-wm-q^aIJI A-k^Jw^I 

220 K ( v^*j L* o^Lp Liij^ 1287 K Lj^jhj ^»a ^Ja^w JLip 
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^ oljZjcdl i)\ .[26 4 2000 320 Kj 

ol jl-*-i3\ Lol .bbjjj^o J jj>- oljj^ <~* * *~ ) 5jlj->Jl 

SJI Jj->- ^jVl ol jj^ <>*oj <^6-® ojlj^Jl <y iA^a i i I 

o “ * ■•• ^ tsy 2 ^* (Ol * ; “ • : ^ 

. (Ecliptic Plane) 

o^l^-^- iZJ L-m La_ 9 (jl (j>-* !*•>)! ^ji */2 A 11 ^j-9 1 * la 

^lijjl ^JLp (Jju ^JlSI ^<jJL>J| ^jI^>*J l I ^^10 ia-Lp^Jl 

^ ^LLj^lj . 3 ^jbU ,5^1 o*>UJl ojlla ^jOo <j-® 
O^iSl ^JLk^o 4 _pL>-jJ l5^>*-!l *j\j>- 

^S^ll <jl0[32-14 ^y> 42002 t(Lidc) JbN] 
ol Oj-fj-^-ll oL® ^Oj-jj-^-ll <-i-iiLi-iil tfJUl ^jJjJl {^ya>wj Lojlip 
<y^ gkfy <sy>^\ c-s^l J* < ^ rj y^3\j £* JpLii i 

ja/2~>wJ ) ^A>"J^Lkl]| JL—LS^ J 4 iAamS'I Jjlj 4 O^j^ll 

4 *L*Jl jL>t-j OJJi L«*j ^jIj-J j .(NOjj y »jJLi LJLp 

ijUJl ^yuu oJ .ajjU- Sj^v» ^ iSy^\ c-»^l 

iili? fj-£7 LjjSf (Greenhouse Gases) ii-JJiSl oljU 

^3 isUaJi ^-*-^1 s^Lpjj (ji0j ^i Cy° (j ***^ii * 

JL^-^l Lj ^j. -o. ^t>7 aJL»_ 3jJl oIjLp j . A j^>- 0_>*j 4_jl—I ojj_v* 

oL-^Jl oUj_SL« jl^I) l£j_hJI jLa-l-^SIIj 4 olJL^» 11 j 40 ^-»j-£-SI 
ijj-Ma_*Jl oL_?j-«Jl JJOo oIjLp iiL^VL 4 

S^jUalJl 


^ ^ .111 *j-v? ^j_p £-j“UI ^jlj^Jl OJ 

0 jjklia a **>ji ^1 j-«^->«Jl in-ktbU ^yJLlI-oJl OjL*-JVIj 

f.iLiJiil 01 jJ^r 0^ (Greenhouse Effect) itJjJl 
^LjcJI c^>0j i*-LtSfl jL>iJl?-I ^ 0 j iLJjJl ^ylj Jjj-jlSLj 
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( j^ jl) 0} . (5.7) jjo LlJjJI ojjblkj .LaU Lj-pL*-kt| 

t <ia-L>i| JJ l ^ 1 * A\ ^-aJ ^ *** l l 4 *A^LaJ| ^ ^ *A> Ii 4 _A-la#1 

}\ yo 4 L j_j La pJLj [ ^ ya » )j t f-Lva-fiJl < j--_$L*Jlj 1 ^ ya * >j 

f-l c*>ij Ajchtls' LJLj 1$_pLaa£J ^L*jj ^jj>*J| cJ^laJI ,y <ajL^5' 

iSlt Oli ^^>JI cJ*>UJl y LlJjlSI oljU .(Sjly-) 

^ ^ it frj */2 ^ ^yjSfl OkJLi d-jL? L^-G-La-l^ ^Ia-^J| 4-A-LiSfl 




CjIjLp yo 4 _LqJ| ^y 83 i-JjJjj Lo 0 j_Jj^J| JL^Sl ^jL? ^jJLgJl 
jLtSfI ( jja 4 JL 0 yo SJL>wJl oLWjJl ( jja ii-jeJu yJl <jL*ijJ| 

y*\j >L-i>JJJ jl <y 

}^l!l 4 — Ija (Wigley, Richels and Edmonds) [1996] 
cJ^LaJI y^y .^j^AaJIj Jj-I jJl uyJl J*>L>- CO 2 jLp y < 5 j-^ 
Ly- 288 *jJo- y jLS' 4 -lpLl-s^JI SjyJl Jy CO 2 jLp y ^j->«JI 
340 jjlp j_a LJL>- CO 2 jLf’ y° c-s^LaJI y*£yj .O^LoJl ^y 

^^JL. Lilt LljJl ^jJI CO 2 jIp .Oj-^LoJl 

<J j -aAoJI ^Syll 13-A . 0 j-JLJl ^y Ly- 550 Uj-^j ol \ 

Ol i*y>yj JyJl CO 2 jlp y 

yyS SjlaLa>oj cJ^LaJI <JL?-Ijl!I AlijJl oIjLp yt>- y 

jLLJL yyS Ljju y c^iS<JS jlaIa» ^ (Kyoto Protocol) 
Ol j-SL «,4 <^1 4JlJjl!I oIjlp ^jJL?- ^a-v? jJ 1997 ^Lp 

jj SJLaIjuo ol cJ^L^Jl 4-Sy y 

yJl ^jJL>«Jl oL JjJtJl ^j/2 w ) jlSjlaj j . JjjJl L^-JLp j-j 

^1p LJL- yy±j* LjJlj ( IJL>- 4 a^LO>k 1>0 4JLjJl]| oljlp c^jLaJ^/ C** *0J 

<1£LLjb JaiJ 01 Oy y° ^-^-^LaJIj 4_a_lL jJl OdUaiS^I 4 ^ la iSf I 

Loj*>Ul LjlLlSI jjj til 4 _jjL>- t^jL>tjSflj ,^jlj_>iJl 
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LpUalsI aJL^a )£ 4-J>-jJ oLj^J ^3 AlJjJl oljlp ^J^>tJ j 

^ S_lJjl!I jLp ^ yJl o^Lj c-i-uL^jJL! 

4-*-3*JLj L-Lj-j Jj-jJLo c-4jJLwwLj 4_L*_3Jl!| olj ^ U-Jj-^J 



<UjLS SjfcUa :(5.7) J&Afi 


JJLJI V-*-^ SiUaJi 4.7 

^1^-oJl ^.*.».»,^3.J ^lp A^LmJI Aaa*wq^J| A^UaJl 4-JJlj 

iSUaJl ^L«-jLwwl j \ ^xJl aJlJI ^J-ol jjJI ^ 

• ^wwL^mJI 4-^*l*q*^JLJ I 43LI3JI C^LtLw'Jaj ^3 ^A^cJLmlj 

^JliLo Jj>-L) 4-3 LiaJ' 4-J'Jlj ^y+, 0 ^JL) ^ 

.^jlJjJlj ^juJI <^iiLJl ; ^oLa 
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Jjcj\ iis,jl 

AlsJllJlj .0 jJiL-oJl ii3Jn]| ^JLP (JllLo j-fc ojl^>- 

Ii-i-II o^l^>x_!l ^l3j ol c^-*»L a^J! 

^lil JjljjJl jj^u ol **—lP 4j 1 ^jL_<dJ 

i i yrl Si ^3 e-JjJL>*Jl 4 _g ^-1 J^a P J-+& Ja..*^o (JjJ*-JU 

C j-*^.1 )l jLo^JiJl a j£]\ Cr* ^U-iJI 

j-Jcj pLo^JI ^3 ^LijjVl oLj |j-A ( y^ d.<^>- 

A^wwjJL ^jbU oljjjJl J_p*» 0*>L« ijlj y-*J J-^ai JJ, J-^i ^ 
oljj-iJl (^jIj^JI 

^jIjuJI ^juUiJI Ja>*Jl 23.5° 



(jlVtall <■ flfluill : (6.7) 


4j ajdL-oJl 4aaml«Q*aalJ I iiiJLlJlj J (S^\ Ol 

4^_o^S\j JjllJl c_jljL-wJl ^A^lLwmJ .^]jLLo c_^3j1aa) pLl> Jul 

^j3 Jl AAA 1 I (6.7) *A*-J| » w\-3 I J. A ll P ^Jb^ljjl ^ j Art ’ll‘■’ll 1 I ^ 
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SjlpLS S iiLk-i^o jllp ^JLj sJLiLJLJ ^JLd^Jl f-j_>*Jl 

<3*>UJI ^1 jl>cJLl>iLj L ^JjlloJI <wdjL*Jl (J j]p *wjL-^>- j ,(wiS-L-Jl 

: oblull SJbJl 

L = —^~ J L= W (7.4.1) 

tana s tana w 

1 .(6.7) J^-iJl ^ ASyvi Jl^tSflj cJ^Jjl^Sl ^tr*- 

LoJl-jJ l OCs <w4-waJl 4-Jjlj lij 4-JLp J J i/2 >ij| JjUjo 

f-LlAJl 4 jjI j cl*joJL>tl*-l lij 4 -JLp Jj-*a_>iJl JJLIjo ±JuL* J jie] 

. ot w 


4 JJ? ^Ji , 1 'll iwoiL-Jl ^yiL LoJUlp ^jJL-JI ^wuo^itJl Jbj^Jl 

^_iS*-Jl p.**.^a7 pJLi tiSL^Jl oJjb ^ <$j>-Ij^J| JLil J^\ 

t 4_J 4 j3_3I^pjq^JI 4_JUaJl t ■*.» *■* l l ^UkjQ^J 1 ^* * > «-J *.» l l 

*jj>«JI (^1 jlSI 

. ^ji^oJl il^lJLSl ^-*^11 *j_^s» 4-j-o^ ^ JJ-Sj SiL*j Jil^iSl 

^u«J>cJl Li^ljf 1 ** ll 1» *■* ll I 4-dJ^i?^ 

.4*w**L1| 4j^i]|j JJUalll 

4**■*i»*■*!! AiUfiJl ^4**1 *—ll 4**■*,»*■*!I ^JLdkA^iI tj| 

i-JLJi i**~*-i)i iiiJLiii i^iSiiij .4 jjI^ iili* ^ 

jllall *1^jJl ^ p|JL>*I**l JJLq a ] o^j 0Ot 

• frl«*— l | -I» *■* ) ! JJ**4 p *I» *| /3 ) t 

^j-ufcjlJl pjjjj l tij^' 

^ «■» l l 0^ ■*.» *— l I 9 .SajUl olSjVl .Wt ^ 

j! t 1 a.... 11 i,[ 1 lUj, 1 ... 1 *j <p jjiiy (J*}U>- 

AiiJU 4 aS^ 4J *■*!I fc ^j oLs ^ JllJLj .4**iii» *■*!I ii—*■*ll ^jjo 

f -j -Si Jjjjj Uoj! AJL^oJJ l ^ylj-aJl ^yJL^-ljJl 
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ijjLfjJl fj** A11 *j_v? ^Iji>ti-L>ilj 

^ p :* va? *1 ^rb . (Daylighting) 

( jji Ij t)f ijjLjjJl S* L^V' tr* “k/i 


^j\ J>JIJ 2 jjIjul^ji 

jjl^-liiJl *^>Jl y i**~*-iJl iSUaJl ^l>o 
y < j/* a > »4 Ol ^jIj^hJI Jj-*JJ 6y LjJ 

o^y-j . *ll*iJl ^ itiJLlJlj i*_jL,i^J| ^ *1 ^jJl 4SUa)l I 

(7.7) ^i^qJI ^ l l jIJl>«J ^jlj^Jl Jj^Jl 

. 4 4jjI^>J l iojLioJlj 4 jjI^>J l aJL^^qJI ii'bfjb aip j**ai5I 


JjL*Jl j!jl>JI J^L?- fjJyj\ (JJjuJI Jjl*_^ OJ 


if* a^“ 

^4 ^JaJLoJl 4 ^-L-jqj **h wa u jIjl>«JI iS’L**- JLoJLxj (7.7) 

Sjl^Jl O-ji ^ tJii-HJl oL>*jI i^yiI***J| 

Sjl^>Jl o-ji ^ t_b-i£*Jl 

Thigh j-ii^oJl Lf iJL>«Jl 4 J >-jJl ojl y>- AT wall j\ JL>«J| jy 

<J^ iT iow Ly ii-|jJl ^LoSfl I *j\j>- Uailj 

^wall = ^high ~T] aw (7.4.2) 

'.J* H wa u Jj^Jl j|J>Jl <£j\j ^ I 

(7.4.3) 


^wall ~ *wal \ A . — “ ^wall^ 
"wall 


T — T 

* high A low 


^wall 


i^J^Jl t5 :..l| v ..I::il c^L* k waU 

JiJtiJU ^LJLo ^ ajjI j>J\ 5JU<»j-<JIj . (Thermal Conductivity) 

<Ju/> y> LjJ ol^Liili .SjLoJl ^jj jjIp JLftltuj SjLJl (^ji^Jl 
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ajjIaJL^j^JI i (jLLoJl Jmjuu ^JLp .Lumj a*JLp ajjI^>- 
^jJaJJ ajjI y>J)\ oL® t JjLLJLj . 385 w/(m.K) ^ 

.0.15 w/(m.K) ^ JjUJl 


A 4-^.LluaII 



(^Ul) 

Tlow 

Jjjaua jl-laJ AjjI j^ll AjI^jaII : (7.7) JLuiII 


/7 W al] 


(7.4.3) ifcUJLJ oU)l Sjj-^JI 


z j _ ^fiwall _ j r 

^ wall - : - "*1 


dt 


wall 


^vr 


(7.4.4) 


^ V^j (jj\ jj*-!l JiAiJl Qwaii 

.j|jb>*Jl ojlA^-j.5 

i? ajjI^>J l ojLLJI aJVju (7.4.3) ibU-Jl ajLiS' 

: Jldl 

— Ty n 


^wall ^ 


f high 1 low 

~R~ 


(7.4.5) 


aJ^LkJL) plJa^ j jJ> AjjIj->*J| A-ojLLoJIj AjjIj->*J| aJL^?j-qJ|j 

:5JlsJl V^ 11 

^wall 


i£ = 


(7.4.6) 


v wall 


^jlj>«-ll cJjLw-II aS^Lo^mw Lp AjjI j^*-Jl A-ojLjLoJI 
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4_jjI<L ojUL«Jl y >%Jl JjLaJl S^LjJjj . h wa il 

.JjLaJI j|Jb>Jl <^jljiJLlii ^yai>Oaj 

LajJlS 4 jjI jaA+ 0 j *j 1 m aS'U^j ljlJb>- d)H c^j-JSjL-JI 

lm/[385w/(m.k)] = UjIjl- 5^ ijJ ^ i^jLa^ 4 J 385 W/ (m.k) 
lm <£[ * ^ i L 31 ^0 IjIjl^ jLi iJ^Li-«JLjj . 0.0026m 2 k/w 

lm/ UjlJlLo 4 jjI y>- 4>ojULo <] 0.15W/(m.k) IajJLS 4jjI y>- 4 JL/? y>j 

. [0.15W/(m.k)] = 6.7 m 2 . k/w 

a . ^ A A ll 43 U 2 JI 4_aJJLi] (Ji* LlA ^jljj>cJl <Jj_aJ| UJL^I JLaJ 
^jl j>«J| .iiUaJl ]ad>cJ 4-jJij L^ijI JjjHIj .4-lJL-J| 

^ ojlj^cJl ^JLoJ Jl Ol jJL>JI J 

jl j ^jl^>JI JjjJl oU c^ULjj .p-LlIJI ^ ojljj>Jlj 
.*lL»i]| jLSUl iiiJLjj c^vail ^ jLSUl JL^l] 5SHal] i^JLkil ja 

i jl t iaij>- iJL^oJ t,4-?llal j t_Ji la !l ^0 ^yajL>*j iJlAj 

<3Ha]I 


4 JUJI Am«u *4 -ill 2 SUaJl 5.7 


£*>cj ^jl]! a A laiSf| P-Lljj ^Iaj ilUcflil 4^uo^iJl iSUaJl jJ, 

iJ^Jl <3Ha!I Ja <3Hal] ^>1 Jl 4,^/Jl <3Hail J>Jj 

i«Jajl oLp ^ iilxiil <3Hail oLldJj .iJLj*$£]| 43 Ha] I j 

JLJl 4 Si la H J_jj I! JL>T ~ 7 <^JL^jO 

4 r ^/Jl iilkil La 4 r ^/Jl <jjl^j>Jl oL*-L>^-<Jl 

bJ l 4«^4 *jL^£]| 43Ha]I 4_ia>t>Q C LjJ I Jli-oJl J ,i]Hti]| 

. J-/aiJl I Ha ^ Oaj Lo ^ 




ill 2 LJ 


L ^— p- j-v? 4 * ^ a *t il 4 jjI j_>iJl oL»l^j>^JI ^ j-5j 
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Uy«j (8.7) JLj .4jjI y>- AA Lb ^ isPUJiVl iiliaJl Jj jj>Jj 

^ * 

^}\ *Jl ^jlj_>- LJa-Jfl->*J 

oJiLJl oJ la .lLLi^^UI jl <oL« ^ ip y.+&A oJilj JV-?- 

Ll*-oj^Lw-i P-j- 4/9 (j| 4 jLj1^- (J^jCLwuV i<>wQws^>» 

i ^jl ^>Jl ' t ^3 OwijLjl I I 

iiLLi j-^Pj iiaiLJl i^^Jl 4-*Jt>Vl ij^jJL iiLLi 

.^ic^>tj i*_ji> vi 



^^-uwultll ^jlj^ll ^\a!1 :(8.7) Jiuill 

I (^ji j ->*-Jl £^>*-<sJl ^3 0jl j->«JJ 4-4 ^LqJ1 *L>t « A +0. 11 (jj, 
y~^* A<sA J 4 3■<>. 11 ^r Ifl «m 1' 4 |^_jL 3 la«*) Cj~^ 

a jl y>Ai 4-*^LoJl 4-?r a k +.&. 11 £r la >*» • A-^-wsa-^^waJ I iiUaJl L y?L s ^ 2 JLoLj 

4 SJiUl J y» * j^=lJI LoJllp pIj-o-?- Oo>tJ i*_JM 

a ^j-2 4-oLi ^-Jlo ^o t 4 _*^L<jJ! 4 -»«-. a11 a1s^»\ yj 4-*^Lo2JLo| ^JL^3 
<*L*-0>- ^ VI |j_A ^«J2_) ^-Lp 4jL3jJ| J .pI j-oO>- d-0>x_J 4_«_Jjl 
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||i t tJI ./*? 1 ^ ***j 

^aaa^aJwJI ^jl ^PtJ I ^<fc5>t*Jl flJjljJ ,4 ajL) 4_*_JL<>J| p| ^<>J>xJ| 
j\s^j >-I j^jo JULj 4 A 0->tJ iwJiVl Aa^w j JL JiLLi c^*aJ 

,£o^>t*Jl ^ P-l^>*Jl C^>tJ i*J^I 

4jQaJl ^JjLli 4 _L^a»^ ^AAA-^tJl ^>*-11 0^*^J (1)1 LaXj 

P'LoJl JdLo ajlj->JJ JjLj ^jLo jj jJJ .oJLa-Lo iill? I 

^jli- ^1 Sjl j >J Jiij ^ ji (8.7) J£-SJI ^ ^Jl ^>x^Jl J^ 
^Uaj (9.7) .^>-1 oL^» ^ L^ol 

. ( Jj\j>*^\ ^1 ^A^AaJI 


(JjljA JjlA (j^-^ *-E» 



o*> ‘1998] (Cassedy and Grossman) ^U^-jjgj gj-ii^lS] fliaj :(9.7) Jlill 

ajSj^I <5lkll *J jj jjjSj <(Energy Technologies and the Environment) <lull j cjLuSjj ‘[282 

.[1981 jjIjj/^IjD ujjlS] DOE/EP0026 ^j 


^jJ^aaaj (9.7) JlSLsJI ^v^^ajJI ^UaJ oj, 

.i-Go^j>t2LLJ ^Ua.^ ^ 1 pUJI ^JJLp JJiL« 3 ^^a^c^mJl! ^aaaa^uWsaJ I 4_d l la 11 

^Uaj JjLJI {j* <LoIaJ| Sjl^jlJiL-<Jl 

^t^AAAj^ ^l la i t ^3 P-LoJl ^^w^c^uuJlI f 1 >-AJL)1 ^jjJliJl 
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^Uaj Jl *UJ| iiL>L ^ *j** j-«Jl p-£>«l5l ^L*v* 

*■* l l ^jlj*J j^LpI jjS hA-pj *■* A 0^'- IJI *|» */2 ) |».*J 9 *^^-(LtJl jJ_Ji-L*Jl 

IJLaj All ^ql>c^J| £jA i^oUjJl Sjl^>Jl ^|JL°1 ^Ualll ^ 

I^J>CJJ . 0 4-JLo^P CL*-k*—J 4 * «-* A ll iiLiaJl oL jpaS'JLj 

4 *«-» A ll iSLIaJJ ^jjJaj pUaj jl iSLIaJJ ^jiL^l ^1 JLo| ^ « + ^a7 
fUij <>■ Sjl^JJ 1^ * *■* ift l l jil^Jl oLowaJ ^l>t «-:ll ^Llaj p. «» ^7 

*—ll ^jaJ>T mail 

astkii uu* 

^ cr^l ^.T* ^ iSj'Sjl Jj- 01 

0iw*L*^ji M ^^***-1)1 £*j>**JI oJiC oSf j*p 

^ ******* *^L*-Ui^fl^ I 4_la-m|^_l *1' £jJi 4_J LlfiJ | ^bfl 

* * * 

(Stefan-Boltzmann) oL°^-Sj-; - oLi~— OyLi! Laij Ljl^ LpL*-A1 
. la*>iL^Jl Ja*-jJl oj\y>- ^jo j^-Sl <jj!j->- 0j-^-J LoJLlP 

il AQrad iiLIaJl jL Jj-^j - OLi^*- Oj-lLij 


4_*. 


Sjjli 7^ 4jaJLlajQ Sjl y>- 4j>- ji JLLp Ja*_>&jQ Ja-^j 7 1 4jaJLlajQ 

: ^ Ar ij^oj 

^^ = ^go-(r 4 -r. 4 ) ( 7 . 5 . 1 ) 

Ar v 7 

p_wL>JL! 4 jjIjp>cJ| <Ajlx-J > yI €j _ O^JLl>i d*jtf CJ A**^- 

4*^ ^ i*Jj >Jl SJUJ^I .T UlkJl Sjl^Jl 4^ji JJLP 

ojlj->- 4_?-ji ^hjJL—j . 1 2 p-L-j>«J 4 _jjI y>*}\ 4-uLa-J^Ij 

•(Sj\^~ Oljjl Oj&J LS*^~ t3*"*^*** ^ 

^LlI jjJLp ^jl^>«Jl Oljj^-S iSLIaJl Ojl j-j ot 

: Ol ^ t(L0SS) 3UaJl JLd5 LaJj (Output) 4SLia)l 
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(7.5.2) 


^input ^output ^ 


^LlSLj 7/shc <5LkJl Jjy*j 3*LiSj 

: SJldl iS^UJL Jaij 

— ( 7 . 5 . 3 ) 


_ ^output _ ^ _ ^lr 


*7ahc 

^ input ^ input 

£-Q^wJl 4-S^p SiLjjJl ^jJLp 7/shc S*LL£J| JLoJLa-J 

oJLij t ia^p^oJl Ja**jj| oj\y>- 4j>-y ll 

jM yJl <ii>oSfl Jyll Sijif-j t4****-iJl ijutSfl 

• j* <SjU* u™ *** tSj'7/shc °*US3l 


*7 she - a Q + ^o(T ” ^amb)“ 


(7.5.4) 


Ja-L-ijJl ojly>- Tgjnbj OL^-jLj boj Oo 

iJl ^jlyJl ^qj>«J| oj\j>- T tiyuJl i>-jjJLi 
eJLtJl I s j t ^Ixjo t jjoJ JLlP 4 j jJLoJl 
i-L*P OiJi-^i *—.» l l l l 4 * *■* i» *— l i O.Ji .*> l i 4inflY j t 

j^jly^Jl ^JJ>fc«Jl 


(JT 

JLlP 4_iaiL-Jl 


Jjjj»^j S*Li£] 'yiijo [140 t2001] (Hayden) O^AjLa jl2J 

t^O = 80 % L«jb 4*3 iSUaJl 

oj, • 4max — 950 W /to 2 4****^l£ SJLi £3y JLlPj ito = 80% 

T ambJ T SjI^hJI Uj*j 4io & ^7 she s^US3l 

oIj ( y»J £q C*jli5l ( y iJL-Jl SjLi^/lj ,4 jjJL<jJ| 4^-jjJLj LoJb 

T (^jlyJl Oj\j>- <y SiL^ll 

0\ US ^S*LL£J| ^j /2 a >- T am h la * >«-^Jl Ja-mjJl ojly- 

W cSjhm^I y 4 iiaiLJl 4_^J| SJLiJl J 

t j^o4 4 ^JaiL-L-Jl SJLiiJlj .S^Li^Jl a V 

ioJUJl tijjJall I iTTmT UUL itJl ^y 50 ^ jdL i yU^ 
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OV ojl4-^*^AJ| iiUaJl af-li^j .(^LwaJl jl) 

Ojly>- 4 ^-j 3 ^ oLjJl j l _ 5 JLp Jai^j Jil 4 aa~*-A 43 Up ilLjfc 

la A ‘>t^U I ifl > Al^il Ojl^^ - T f ^ASA^)»A/yi I I 

ll iillaJl ^3 JULLlI aJlAJl ^\ ^ajjJ ^amb 

Jk^ <y ur* ^-^'j 

.iSllaJl Jj^>xj op'LiS^ qJ 2 jOc>- i$^3i 


ij^iJl ajL^ll aSUaJl oUa^o 6.7 

l^ljjj ^il 4-ilJa ll olkp^ c—U jJ>«JLj jS/1 ^oJl>t-oJl |JU Jli 
* 

pJLjj . LjjL>*j 1 ^ 4 . Aj ^JLj oUa^Jl eJLfc ^jja j i 4 ^v^AJl 

4aJLj ^I 43U a JI ^a3^U 4aa*uQwmaJ| 4^U^Ul 43 UaJI l l l P t^ ^ 
jl ^jjjJl 3jJjJl ^-Lp ^iJl oUaj>t-oJl jxLla ^~J2-J ^i-P 

.4^-wm-^AJ| 43Hall ^aS*LjI^$J l 4 aalS'Lp 3 ! y* j , jJ3^-*)l\ 

4Ja_>t-aj (Solar Power Tower) iAU^^Jl iiUaJl oj, 

^ o^U<4 Uj^^jiULS' 4^m*.^aimJ! 4-oLAaJ^aJI 

• ^jaaJLaJI ^ja^aaJiJ I t <3 U^>-^wJ 4 4aa*a»Qw»-U! 4ajL^]| 43 l ia . i l 


JjaiLiLa 

jLijU J^ajl 



ij-a *1993] tjijlj-ijj jLijIjS] 4 -lui a A]| 43UaIl ^jol ^u t j :(10.7) 

. 4 _iV j 1 ^ 4 jl jail ^S^AaVI j JAa. aII Lill^kj 4 j ■ - j ■■■’ i oliall uLiL^jI M " * J *[172 
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<LoL^£Jl AdUaJl 

* + 

4-0 Lj^-^_S" 43 ll? Li^t<fa>|tf^J U*»J (10.7) ^AAJ 

^o Jap- jjfc oU*^Ji-gJl Jap-j . (Heliostat) oU*^J la Jap- 
o^-.— I LjI^-<jJI Oi-i— a t 4 .*..-. j I oI L)!! 

^3 JotL^w-a ^Jp *^-**^ jJL$]| ^^A-> • d^ljLwo 

. JaLwwl^J! J>-|jU ^j Lo ^*Pt»-*Ju A^wwwt^JtJl iSUaJl ^^d3 4 ^j-Jl 4^3 
4»JL*i*Jl U^JJ jh^JI ^iU L>t-ws ^jj (11.7) J^-lJl ( ^o 

Jl 0 ~PtJ ,4o^-Kl cJLo 2 —<_i 4 Ip ~>x-J* f _J A-«—fcA.—JL j 
JULP p j-^aj| £^o>*j ^j -' 0 jljjUl Jl-P Oj^li oU** j-Jl$J| 

4_o>- ^ 3 ^>^JJ ^A^mmJ^ .4j^ 5^«<>3| (_jL j Ly^^l' 4ia>*-0 

UK ^1 4^j-Jl /r-p c->U*« jJl^JI 4aL>- c^jlxJo! UK j ^JL^JI 

jSl oJi^tJuJl oLaUJI jli 4UjjU Loj 4 aL>JI ^*^0 J^LaJI 3 IJ 
ilx^J LJJl oLaU- (j^\ Jp JaJl j ^plid iby ol 4-^*0 

. ejjU-a 4 aL>- 


3->^l mil ?.j 


A >~l 

JUU 



A-iuoujili 43Uali fuaij I (11.7) 


aj^3 t Jp* aI 4-oL)^^I 43LlaJU aJa^x—a 0^ 

(Mujave) j-« *\y>^> <J c-Jo U^uJl i-oL^-^l iiliaJl ^j 
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Oj-dJl y» oU-uUiil LJjjjLJLS Aj'bfjj jl+ji jLj UjJLq ya j-fljL 

jZ-lmj'Lj y <jjI iSllaJl ikj>c^o j-^aJL«Jl 

y 4 a 9 JLlP ^*j!a -* -fl ^^JLp -■ -*y 1| ^ ^ *- **j 1T ^ >j ^>j JLft 1900 

4jL>tJl Sjlj_>«Jl ^* *t 31 f- j-v^ Jl3j_jj .^Jii 300 A_pLijjl 

. 4ljy*j y£js±j jl yjjy ^|.a a<Lz j jLkJl 
i 4* iiliaJl ^yJjSfl 4-laj>c-«Jl oJjb 

4 : ^ a Al l iilkSl <JL£»1 t(Solar One) ftjlj jNsUUuoJl 

10 Olj j-*-* ila_>t-«Jl ojJii oJLS j iiU? 

.jUcJl jLS ojjb ^ Sjl^>Jl ^jUJIj . MWe 

OljXjJl ^JLo olj j-m A_kj>n-<jJl J-^_>iJ y JjJbLlJl ^JJ 

oJl <jLSj .ojl^>Jl ^jUS ^jIjuJI 

yy*i]\j Sjljj>Jl J-H S*US c (Solar Two) &y 

y» ^j-SUjlSI yjj . 10 MWe ojJLiJl £j yt^J ^ jl y>*-l\ 

*UJI oUU iSLub cujLS* LoJIlp ^_?-UJl ^eJUJl £L>- 

e ClJL>*Jl ; 4_laj>-^Lo] y^jy jl! y> jL>«j <Ly>*zl 

SjJLJ y gjLJl jl JL* iWUU iai (MWe) oljli~Jl 

oljU^Jl JJ t j->- Jj>JLj ejJli £jU)| O Jo LoJLLPj 

y giJl p—all j ta^v pSj- US' a^ij j~*zU (Mwt) 

.[11 j^aii 


<y Jtt* J-^ <>■ 


Jl 


Ayo^-Ja]! cL^iJl JLj j! 4^Jaj1 

► LJLJj_j ^LlaJ Oj-5Uj 
oiUcj .<jjlJLSj iuL j^S iillp aU>^oj U^o^ktJl 4 jjI ij>Jl oU«j>b«Jl 
yo \'&yup ^JL>iJL-J LjjjjLJLS' i y&~ y pLJLJ y ^Uaj 

oLxU>t-«Jlj .+y[£ja ^Ja3 4 jj|^>« j| oUU>«-«Jl 

p- y*P j-S^JL) , ^*** 11 4-*jLiCLfl ( Lj 1^-43 4 4 Cf ^cj 
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JJlJ ^jLq ^tlljLi^Jl ^jo ^^-*£*1*01 ^-*^11 

oMiL^Jl ^jjo 4JL-JL-- 4_>«-i^JloJl ^Lit-L-J pJLj .ojljj*iJJ 

t/ urij/ s j'*k <0^^ 

.,L^S3I ^ 

^jJLp t 4 * *«- ll 4 _j j_>*Jl Jlj_?-S[l ^ iJLjjJaJl oljJLfiJJj 

* 

^jo ^ Jb JLpL*uq ^j_£ j pi Jb^JL^I a «*** 4^11 LSL^^I 4-SLla-Sl oUa^cJQ 
*L)j-j_£Jl JbJ jj pi la 41 4^ij-oJ <Ja_>«^o JL>*JLl>i| j .^1 ^ *t ll * j_v? 

Ojj-^-lj ^j^lj-—j-^ . JLpL-^o ajJJ.S' ^ w 4 4 la ll jLiJl m_**i^JL!| 

^ 75 tia-.ji.Jl ^ njL [7.8 all *2000] (Goswami, et al.) 
lAJUjy" ^ ijSL^I ii^-Jl i^ljH 4^gJL>ci—Jl <iLUl ^ ajl 
IjjSa Lfc5" ..Lll JL*JLj ULJl 4ijl ^ 25 Jlj 
J1 SuJl </ 40 Lo Ca^-jIjJ ^jA^iJl £«j>baJl oULdS' O^J Lva-jl 
40 ajJb>- clJL£ i-tjLjj^j-SLSl J^j_>iJl!I S^LiSj t<L«Jl ^ 50 
UL*S i5LU Jl 4 r -«,ill iiLkJl Jjj^iJ i*i£Jl S*LiS3lj iiuJl 

.4UJI ^ 15 Lj jAj clJI£ 

^ i_^J| ,Lj^S3l JLJy pUiJ t/ segs iJKJl S*Li£Jl 01 

tf/ c ^jlj^Jl JjjaJI Se-LiSj tf/ 0 <-jjj4^all S^LiSUl c_Jj^s> 

; 01 **/t *jjI j>Jl M-S^bjdl s*La£5lj 

%egs =J7o*7c*7t (7.6.1) 

^* -*■ 11 -* ■*>■ ■* -* 11 p>^4^ 4a^^1 ^j ^LaJLo ^ yA 4 aJ^a I 0 P' LiSJl OJj 

^JJl ^^^4^11 *j-v? ^LjLq ^ 4jjIjJ>iJ| S*US3|J .pUajJl Jl 

S*Li£Jlj .pi la 4 ll ^1 JlMjJI » *t ll *j-s^» t j^o ojlj->- ^1 Jj_>*j 
^ LjJL^iJ pJ ^jill ojljj>0l 4-j-o^J ^Lajo ^ 4jjIj^iJI 4a50jo LjjlII 

^L^S3I jJjil plkll 
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AiUaJl ^IJLoV JlJ jj alia< olk>^ pAxu/a") ^JLi 

• ^jvg.d.11 t^JLlfiJl <Zj\ 4-JL>c-oJ| 4-jIjj^^JI 

jL>J| I ^jja y/i* j| CU3j ^jA/ai!l i^JUaJl ojl* tLJjjjLJlS' 

4 la ^ A 1 JLj>- Jil Jj IJLAj 9 t>\ j^Jl LJLp cJLUl Oj£j LoJLlP 


oljI3j ,4 -JLp 0j^j 4.,^ A All SJLiJl 4.,^ a All *L>j^£]| JlJ jj ^Uaj 

JLjI ji JL?-^j .iJUl Aj jilll oljli Ls<ajl <jil j^j ^j-*ajiJl c-JJaJl 

iSUJl j-J jj ^JLp L^-jjJli ^ 4 . ^ A A ll p-L)j |j Cl I JlJ jj ^Usj 4_la_>iLjj 

JL^S’SlI jAo ^jjjL^Sfl ^jijJl oLjjJLo AjL*_J| Jj^ ^jo i Jk^“ 

Jj>-1) Ojj^JI JL^Sl ^yUj (^yL^jJl v_jL*aJl oL> j£» J^l) ^jllll 

oljU- 


otaJL*? 

«* 4 » 

^1 iJp ^ ajjjJI 4jj-ui3l tS^Lo c.»T -1 

(Williams) «. [8 J ^ a ll «1984] (Gairod) ajjL* 

J-^a-aJl «. 1997] (Serway, et al.) Ojj-Aij {£\ ‘[1991] 
J-muUI t2000] (Bernstein, et al.) 0 jy-\j *. [ 13 

,[10j 1 i+\i. t2001] (Lilley) JJj «.[15 

** i ^«... 11 4_$ LkJJ o Jlj ,Ima l l d. ..S/ i -2 

«.[2000] Oj>-lj «.(Sorensen) [2000] 

.[1997] Oj^p-Tj t [2000] Oj>Tj 


Ojjy jjj» ‘UiljjCL^il jj jiaj- t_sLii51 -3 

^ xLp ^ .(Weart) [1997] 

t[15 Jm» all ‘2000] (Wiser) j±,\j *±LSi ^ Uj t 
4 [10 Jviall «.1999] 

.[2 1 1997] (Elliot) OjJJj ‘[6 J^Jl «. 1998] 
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^ 4 2000] (Young and Freedman) ^Jj_i ^JaJl -4 

*<. 1./?^-oJl ^jjo kAjj-qJ [480-479 

ou^ 

aJLo Lf-j (_$j: 11 i-ijj J-SU iajljjJl iiLL> 4-.,.-.j-I (I 1.7 
Z jv-A-5J dJJij Z oLljJjj-Jl ^JLp ^jL-J iV oLjj^j^ajJI 

. 1<Z<120 ^JUJI 


A. ih£ 3 l ^JlP ^ iJtJLS' 4 j^j JS 3 iaj| jA I iSli> (<wJ 

(JJLaIj Lo ^ BjA 4j jj J53 Jaj|y]| iiliaJ ^i*JLS| 2.7 

^jlp AT oL)j y j^jJI ^jlp ol ^ jjiil . A aJLl^JI ^jl*_i 

. (B/A) / A = 0 j A = N+Z oL /Jb- .Zo^j^Jl 


La^JT^^o JL*P 1 ^ a 9 o^SD 1ft*»ll Aj>“ I *•*0 3.7 

(Astronomical 4_A_£JLi Sjl?-j jl?-Ij ^jL-j La jJa-® *—a */* <j 

oJl la*^^Lo i Unit) 


^j_k^ ^L^>J 1370 W/m 2 cyLiJl ^ j 


^-1 (y 

.^j—uferflJl 


g-jL>Jl ^_>«j L^Jai < 4 **».»** 4_*^tI o^jLp ^■*,»*t> 11 F> 
^J. a . 11 1 .^jVl (>-* 4il .,.. < 1 -j-* ■ * ^ !>“ 

tr s — 150xl0 n m ^]| y>- 
^JJI * yj* {y* *y>*5>\ k-A—^1 . r e — 6.38xl0 6 m Lj yH 

^y >jSfl 01 ^ : « 1 > . jSfl i-k-^l j-j w>IjJLpI ^ 

^1p J (£j$\* jlJbo ^ lir e La^ la$ iwi^aj o £ 

. r s Jju 


4.7 


bjLj- ^r*j <-—5-1 (1 5.7 
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cJl* lij H-R yUl y ^jll 

* iJ^l^AAdkjLj 1 -^ 1 ‘ l J -*-*h ^JLiS' 

^Ja*- y Jit jt y> ^$1 f^Jl J* (V 
kjL*®Jl <y JiSlI Jy 73.5° JLi^ y 0 „^ .lil it y-.yil (t 6.7 
^jllJI cjLLJI J> Lj^I .►LlSJI y jiVl <jy 26.5°., 

2.0 jip ^jA sJLiLJl SjlpLS .(w^-j-yaJl ^ sJLsLj LIS' JJLia^- ^JJI 

.(wjiL-Jl oJLpIS JjL-I m 

LijoJL^jl^I lij (wii-L-Jl Jji Oj-5o ol ^ (t_j 

?(I) ^ ^dUaa^Jl *lliiJlj ^tfaa^all ^jIjjIj ia —jla 

ii^UJLj J^ju- JjU j] iR OJjLlJI <t 7.7 

:iJUl 


2 h = 


^(^high ~~ ^low ) 


jlJL^ (BTU/hr) ^Jl JjJUlJI Jl^ Q h 

j|JL>«Jl JL?~I t *jjo Sjlj^«Jl (JjJUjj ,A (ft 2 ) oJaJL. 

ojlyJl i»-y L^l ^high (°F) (^Sfl SjlyJl i»-y 

J^j- <jjjly»Jl JjJlJI <JJ-*j w .- g -l . 7io W (°F) JiSlI 

Thigh y «jly*)l y (JyJlj . 10 ft 8 ft *pLiijl 

. (°F.ft 2 /BTU/hr) 15 y jU»JJ R-UJj t - T low = 60°F 

^Uaij (!) y t-jj—JwJl (jjlj->Jl JjjJl JJ-*j y> (v 

. SI cjIJu- jJl 

iS*>U ^ 5-7 ^—5)1 y olJLII j (7.5.6) ibL*Jl ^ j^l-I (t 8.7 
Jyj ^ > ^ * 1 tjshc 5SUa)l b*\j& yj aJLj 

Sjly»Jl Ujj .(T-Tamb) SjIyJl i*-y y Jyilj t£jL»*-j 
yjjJ 0° C « (T-Tamb) « 90° C ^JuJl it 
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4**1, I oJL-Jl 01 « Ajja*. 1 | 4j^-^)JLJLj I ^ ^ o^)l^>*Jl 

• 4ia^^ta * /smax (^^*^aflll 4^L*-fc<g-fc*Jl OhA^Ji i^A*/2 1 ^A Is 4-la3l*—ll 

.0% < i/shc < 100% ^JuJl y S*li£]| 0 j£j ol 

/, <jajLk-Jl 4.+,***. *t,,j| o-A JL 11 01 L^yuLo (I) yy«-lJl jj£ (i^J 

• 4max 1 1 4**t■»*•> ! ! 0 .-L-JI ^£^L-o 

. (i-j)j (I) y> U^fclp yiJJl y*—»^il y Ojli (^ 

y> 10° C jlJULkJ 4 j y>^- ^iSl L^-^i Ljly- Lc«j« ol { jaJ^\ 9.7 
OjjU I . 20° C £_Lj yil -la-L>c-«Jl kmjJl ojly- 4 j>-j^ 

4 ft ^1 31 F rgj 4_3 UaJ I ^j/3 * 9 ^ y31 i_J L-^J O _ O l A * » m 

4jl*1aJ| iilkll yL/? j-A 43LlaJl yLi yL/? ikmI jj 

4_a_JLjl^jW I ol { j ^I .4-?-l ^ ,a Sjl?-j 0r°o <J-£-5 

. 1 lSjL-j 4jjI yJl 

^a <Aj-^o-kiJl p-Ijj^SHI jlJj_j ^Haii i]segs op-LiSHl (t 10.7 
o*li£]|j 4 ?7 C ^jly>*Jl JjytHl o*LdSj 4 ?/ 0 ijJ-*^JI o* LKJI 

oe-Li^Jl (^JuJ 4*lS^ SfrLsS^ g_jOl Jc>-j1 , i •uSLoLijdl 

.f/t « 0.35j t0.35 < r/c < 0.50j t0.70 < t ]0 < 0.80 



2xl0 9 W J1 u>>. fUfcJl 0^ tii (v 
^UajJl La01 .^ ^ -1 

•^) iJ ui 7 *^ 1 


4Jj IjLl^A 50 4 _?-L-*^o jj-ki-J 4 *t il LIyJl y° y ^ 11-7 
Ij Jam jZa c-AA-*^-l . 10 MWe ijSli^Jl SjJLfiii 4-^>-llj| 

. 4i«Jl y 20 4 jc^- JjoLp Jj^I y ojJLail 



LlyJl yo 4jLilSL<Jl oLj yJl j>JLp (i_j 


?1000 MWe ojJi pCky Jj^a>Ji Lfcil ^Li^Vl 
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(km ) & 1 1 ^ * t * * *« I 4 j>-L-— oJl (^ 

?oLj jA\ oJLa a]o^m\ jj 

jjb Sjl>cJl«JI oL'VjJI j_Ll*J| 4 . A a li oJLtJl la ^jjLfl (I 12.7 

iiJl ^ 100 oK,VL lil .200 W/m 2 L^JB 

^1 4j>- 1 4 ^ ( 4_*3 Ij 43Lla ^]| \t 3 1 1 i **>li f- 

100 exajoules (m ) i yuJL L^Jj ^^ i zl*. *** 

* 

<jL^_j sjl>iJLoJI oL'yjJl Lj-^— 4.^1 ^ 31 iilLJl ^y» 

(l?IjL^j L£—*^1 L) Sjl>iJl<jJ| oLNjJI SjLS o-L-^o (<^j 

^ij| oJjb ijjiJl L« . 8 x 10 12 m 2 Lj yH ^ 

?(I) t P 4^LhMAJ I 
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iy\l 3J cUiii 



^ .iilxijlJ iiliaJl jJjL-JI J-^aill ^ llAil) 

q—l-jJ I *L) A-JLflj 4 -l*I^)JLj ^ t */3 d 11 IJLA 

.sj-iLo. jlJ^J iSLUl »L^£Jl 

l^la »7 j ISLjL$L^o /ya pjbLLo ^jJLaij Ln**lj^ 

JLaj , 4 a *«* .» *»> li p> L^xi I 4 -ou&aJ l *»*«* t 43 ^jca 1^*1^ »*« 

4_aJLaiJ ^ jja ^JLp jL^sSH oJUb »* la * t ^ jJLt 4 liJLI^ 

(Photoelectric Effect) SykUi]| Ua 4 r -»«lll *Lj^£3l 

. (Photovoltaic Devices) 3J^iJl Sj^Sflj 


fcjt I*® 

^ OjjI O^dJl ^JLL>3 ^LjxiJl ^3 ojjj OjJj 

*L*JL*J| (1)1? 1900 J-*-® . ^j-Jl iiLlaJU 

ijj^LSj 4 j-a- 1 c 3_>n-~-’V f-L 

.<3jjjCoJl 4-*-u y>^\ oL>,Li!l ^yJLicflJl y>A 

< yS ^jo i—aJ&S I ^^Lol OJUv» v_Jjl>*l3l oIJLaLLo iaJiij 

^ dli oL* (JJLh <wj2—k/?l .l a * 1 i p>1 ■» 1 p 
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i J?UL^ Oj, IJL* oLp| i^lL? <*yjL>tsJl oJLjJ ^y LjjJl 

* 

4P JL* oL? 0^ . ULL-* 4>b^ljj 4]j-JLo dJlS' ^jlll ^-aALLqJI ^jA JbJbJl 
LoJLlp Jaii 4 *. 4 » pj iJluJl ^^Ip ^ *j-*aJl 

*■**■» ) ! oL-*^Jl^ pL^i>.»11 o^S'Ls ^jji**—*OJyhJf 

LsLjJ c/Mjli-I <i OL^Jlj OKJI ^ gJLJl -U^lj 

4-A^tSfl (4^jjj>bJl ^yP-Sfl eJjbLtuoJlj .pj-Jl 4—IjJbSl JLl 3 d-JljLo 

j]p t yp La f-l^j-L-Jl ^LwL^Sfl <la-L>iljj 4S_*_*i*Jl 
4jy>tj .iSLIaJl 4jjI jj*JLl*\ ! iLjJa 0 jlii LoJLS oLS* y>A ^ d* 

ami at 5jsa c_.t ^jwi j^ji ^ LaL^sc ^ji a^-Vi p-^i 

JL?4j . (Quanta) &oL*5^ ^y-L-J 4 1 a py- 4 JLa ^^Ip ojj>- y 

pJLP IjLjo ^A 4 *j*£]| 4j jJajJJ La^la 4joLjJlj 4 ^L>cJ| ^jLllJl 

jJy-J ^yLoJSfl 4-*?jJiil cS^I (Uncertainty Principle) 

. 1927 ^Lp <y (Werner Heisenberg) ^JjLa 

ot ^1 43 ycj| fj TjL=>— iJllA ot £j?jL La <j> jlil 

iSy^J 4**Sj £ >Ol jL^Ij LfrJp 

4yJ>J Ajc j-qJI t yJlJl f JLP .iiikjo 43 Jb Uj^LJ ( j£su ^ 
! ^hll ^Jp LSa>»j j! c-a>«j Jb*-I j JLmj ^y A/? iJy*i5l 

ft 


AxAp ^ 


( 8 . 1 . 1 ) 


JL?4j CIuLj hj t&jLj ftfi (jJaJuj fi — hj (2 7l) 

Lb* ^ Juci ^1 ^LjJj 4^^531 oU^'yi 

(Jil jIj 4aSL—*>LS 3l f-Ljj^l oji 

^ fjzz** cr^°4J ^“^0 U-J Oj^j ^yll 4 JUJI ^0 

^ o^JL>cjo 4^lS kiJLj^j CUjLj tj! ,4 aALh>o 43Jb ijy>tl]| 4 a4^j 

L*3 ^ * la * *■* i ^ Lljlj i» */2 * c Qj * w */> ^ y^~ C 4j tf */? 

jLtt ^JLSI JL>Jlj .(jJLk^o fj^i pbP- ^ ►yoJl 
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Jl>- j) ^ i li>*^«** 1 ^aJ^jU 4-«J| 

. AJClaWL 

8 — o^£31 <p j-m 4 < aj jj>«j ^j/>jl ajJ 

4-»3 Uj l — J J JLu j-aSfl IJLa j| .3jLUl aJjLI? ^JLp 4 j>- jJ>-JJL oJl 

8-0j^Jl <5y>- j^JCu Wl 4 _jL Ls^ljI { j^jIJLj LLjI 4jLi£Jl 

^j>>LoQJ 8-0 j£3\ A& J*j! ^j»L* 3 (JjL>C_l Lj| j^lA^S .LjL-.L3 ^.m\ 

X<~>)J (I) fej Ujjjuo 5iL-^0 ^JaiJ <i jJcl^j ^JlSI ^Ojjl 

?LLL^>- 433 ^JLo L»3 • 8-0^£1 } U IJLAj 

. 43Jb <JjJaJlj ^ajJJ LLl^LJ <UjLJT ^JLp JLoJLaj LuLL-o- 433 <j| 

Luli 433 Jj-kJlJ ^LJ Lis' liU 

( j^o 03jJL>t-«Jl J*£> Aj >-jjJl ^-JlJ 8—0 j£ 3 \ ip J^jt 3 L>nj| \ 

Ujl^l t> SUj ^ J^JJIJ LJL.LJ ol ^ ilSLUlj .UjJI 

8 - 0 i^SCJl ^j-P L^ljI t_<->*-) c(Jj-laJlj ^j-a jj| ^LiS ,oL- iiJb 

la^^aiL 3 JL>cJ jl Ll! <wi-^3 .(*— Oj (1 ) L*jjj^q JLLp 

(I) ^jLo^xJl ^Jj0 8—o^5Jl 
^uIa ^j-a <HP ^-a cJjLk/?Lk/?j j^-Llaj Llj| 

8 -ojXJl jL-^o ^yip <53 j-o^p oL>^j| oLs^U^jJl tS^^l 

J* L3* cK^' dr° . 4^n» i^j ol^li 

0 | j\j&i oL/?L/?jJl .oUs»Us »^1 

0 .io^jJLj Lajjj-o J^p 8 —oj^Jl J-p oL/?L/?^j| 

^p .cjJLjJl Lf * 8—SjXilj oUjJLi«Jl LS & oLv?L/>jJl 

^JL^IjlJI oL/?L/>jJI Sa * <1 LoJLlp 8—5 

4-k/olv?jJl ^^ 1 / 3 7 LoJllP . i>nv^iJ ifijjlaii oJLa iK^Jlj . ^JLe^J| 
.^3!H <>, ■***■*< 8—0j^Jl cJ( ^jJjSfl 4 -o^L*J| JLLP 8—0j^Jl 
4-LijJaJ LljolJLitL^L LoLoJ 8 —o j£ Jl 4^ y>- j lLUJL! As^JLt j 

• 0 JLA 


335 



jJuLJS (Marble) aJLJI Lip* jJI ^ ^JU 

oSf 8—Sj^ll ip^-u- ^LjjJ i-^jj_L> ^^JLp *1IJL^-j 

i jLl La ^0 AlJLJL 1 n\ J la ,sy\ JLlP JJ I (J8“0j^Jl cjl^>cj| 

^ | kX^W^LAJt Lj l d/3 l | ) Li^oLj cj ( A-k,^ 

ISJj .^-JJq^jcSL LfrjjJLlP 8“0j^Jl £jp <-JLJl ^ya j n */>\ 

|JL>- oJLj>- oL^Li JLp ll>oJL> cILl>«I 

<jSf <-^J ^ jU 4 dUi £0J . 8“0^£J| ip^J 

c-»j->- ^^JLp JI^j W UjJj-iJl J^- 10 Uj^ ^L-^Sfl 

^^1 jpSfl ^ la*.») <3L«Jb^ j|JL<L*j t8-0^531 

.iJUxii 

LiiJL> 8-o^£11 (JjLJLk-jji-ii LjI i ij j->«jl1 I oVl 

tO^jj-iSl u^i-iSlSl jJlLo ^ub JUaI IhSUj ^ liJUJl oJla <y 

0 ji^SL^Lij jl!I i yajL^>J\ oSf oj,^i£ftll ip^J Li^LJ Jp 

JjLo i aj j^_>n-«Jl Oj^ oU^j>J| ^L-Lo JLpj .a^jLIi^o j j_j j-iilj 

^p ^ AjU cOjJj-iilj Oj^S3Wl 
Oj^ Lo-S'j .SJUkLl^Jl JL.9 ^UalJl Jp ij^lJL ^-jLaJI { j t <aj>«-kiJl ^-ob 


d\ L-l i^^Jl ^ ^jju Usb JLii : 1.8 2i*oJI 

j*w*/> (jlaI .1 I *■*li ) ^Jpljiill Ijla 

Jjjj? jp gSbi]| ^ a*Jj>- 0 ,^Jb ol dUi Ijlp j! caJI^aJ 

^p IJLa .8^^JLp oLL^>Jl 

hlA 1 **> .ft 11 •>t Ii ^jp* LjL^ J Lj ♦ A-J ;JLS| (• Lj ^ * A \ \ ^ ^3 A _) ^^ *** ^ 

Ljj jJLuJj o j-y^ oljiJu (S*3~L JLiLt^kJl j 

A_laj| jJLqJI j-k-& tjjl^_^_n_I_l 1 A-«-i^L>- *- "' - 1 - 1 j t OiJ—ftl Ij JL^3 ^ 1 ]o «li 

.[518 ^y> «. 1975 t(Sambursky) ^^SL-^oL-] ijJLil oLJUaI! 
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yJLJl Ijljj jl L>«J| cj jJl *-LJL*Jl jloiaj 

y Ijlajl U^jI *Lyi!l l5 ^ 

pJ yJl y IjJaJl Jlii y Uu ijjiajJl 4_la-^lj_> 5ij^s»j-gJl 

. 4A^AA4f^i^j| ^Lyjsil a]^ui I y La 

.JjbJbo £yJyLjJ yJL_!l ^JLp IjyJ yL^JLiJl j-?Sflj 
(Louis Victor de ^jy j* jy£L* y]| yjSflJ y LyiJl 

: Ja>*j £yjjlfS yy-Jl ^ iJy <1)1 Broglie) 


JL?-lj cSj y <1)1 y>8 12.8 2d^aJI 

* * * * 

y] K<l)LojJ|j ^|yJI ^y LoUJ I^JL>t-0 LLSLo j LoLoJ 4_9y^o 4_Jy- 

.[122 y i 1966 4 Jjy 


*Sy>~j £-5y yo Jb jl>cJ yyj J^-kiu laJL^J Li£ li| 

*1j jrfjjJl 1?d m < JjJLp i y *kjuo ^***^ 

<jUaj <wdy?j y 4 jw-Ij <1)1 Lulj JLdi 4 ciUi 

iijialSlj .iJLxll y l^la]| <v?L?- ^is^Ljj 4 Ay aaL!! y l^iall ye 

LjlaiU ltf\ ly^-L 4-Si^* ^l£JI ^-L>J j y <^SUl 

.iJLoLUl i^l hjki\ y L*\h~ 1S\*S 


ps-^ - 4*rjJ\ J*j> 28 

4j jJajJU Ll >-j *m ^jS (_JiLp 11. *t> I." ■ l? ->-V JLs 0 j_^j Lo_ij 

L>-y 4 j>~ f-j-L/ali JLd5 •OVI ^ 4^1 

<jyJ y 4 jj A *T dl 1 ^ji f- j_^aJl oLS' .4 a *. £J| oLJL^jJJ 

.yJLJl ^JLp IjL-qJ y | V ^l>sS' J^oLaiJI 4^^-Sfl 

^ (I) ^ ^ 'M -r^“ ^ .^aJI 
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dlJL^j dl JL^tLu- LJU f-j-^JI dl^ li} Lo 

dl^ lij Lb JbJL>«i] (i_y) *1 LuJ! lij 4 ^j-^l 

d JL L n* «^JL3bXS' ^ ol <> l .»**«» > - 

<jj->iliJ| p^^-lL^S' dll ^.i ^j-*^Jl d^j <wA-di£i-^ *(t) 4jj->tiJl ^ 

?dlJi dl 1 .(u) 

^Jjl>cJ L-l^LlJ ol ^ 4 4jLju L*Ijj->*J ^J-«JL>dj 1 *>»3 

4_a_?-j-«J| ^yoJLva-i^Jl JL*-lj d-i j ^ * a t <jl ( yja 

4-l^*1j>JI <a*/»L>JI <j^>ij jlSdjL Luj lijj .*- j^l 1 4^*-ud>Jlj 

^^Jbj ^j-9 4 la i < JLLp 0j-jj-9 ^j-° Jdja 4 *J ^ ^ 

^3 p-jt^ali 4 -lv»L>JI 4—ljjJ L^J| ^Ii>ij L ji\ oLojJLcqJI 

^yi 0 j-SL^u- l ^UiJl *L>J| iilS* ^3 ^IJdo'yi JjLo l CJjJl 

t Jl^JLj .Jl_p-Sfl ^-^-1 ^ JJa Jl_p-Sfl I ^3 4 jLu1>*j 

oj^Ld ^P 0 j -^d-*# * j */2 1I 4-l>- ^ajl *^>cJl 4jj^jcj ^1 0 L 3 

oJlA dj .*^*aJLS ^yfljUa>Jl ^P oLo^JLuj jj ^^Ip 

^yb Jj t Lj-p^^t-sAJ ^j-5L<kJ e-Llai^l 4j>dj CU^-J LujUd ^JLp ^j-JjJl 
ol t dll jj ^JLJl ^JlP |jdo ^0 4431^I>0 ioixJ? ^ j-*3 

<J>~ j-fl-S' dl 1 *«*jl *j-sidLi I ^_A-dj>iJl _ 4_>-j-«J| 4 uaJ>-|j^j| ^j_P djJL>dj 
d^>«-s^jl JLfli cdlJi J-P S/>U .4_ijJ>d!| cJjj-k p. ***>m£j 

^JLs*}\ - <s>- j-«Jl o^j djL>«i3l 

. oLj y jdllj toLjjj^Jlj ^Ji>0 

^uoLdo Lajj_v2j _ i>-J-«J| ijL?-|j^j| d} 

coLfl-jdadl ^j-a ^jJL>«^o ^JL<J ^j>iL-vaJl jjb j j-m^j .^SIjJI 

OiJbpld ^L.1 IkAA^j , */? j^>\ aL»^ a] ^ j) 

jL . (Niels Bohr) j*y jJLJ ^jUJ jlSI Lfiipl i^obill 

jJ ^JL>cJLl^j dl dl^®VL Jbd pJ F'Lj-j-iJl d^-j jA jj 
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I A ^ ^ A ] | olkjl oj_£i .^J^Lo ojJLSl <■—i-A-l* 

. A^olnSl oJLpIS y> ^ibj c^|>cv’ JSLtj ^j^jjJL^JI 4_jL 1? t_jL^>J 

^ ^ij>- juhpI ^jlSI 4 1 4*»> Lla<LaaJI a 1 **> 1 *m jlmj 

IjjL jJbj_j a j_^i y^J ^ 4 aJLjJL^jo j_a_P 4«» £Ji 4 j jJilJl jL AjLij 
l*L) c_s j.*.? c^j>c_av?Ij ^jlJL5jl!I j- — a ~^ 

aJIjlSL c_j jju <^>\jj aJIjlj yLyJ ^Llaj 5JL>- ^jJL<»J .y^L^ij 
y* <z>-j*3\ iJlJill oU oJla yj . (Wavefunction) 

cJjl^JL 4loJjcuJI aJUJI yo Jb jlaLULS iJlJLSl a*^ j^olS' oL/?j 

*/?jJ) yo ^LlajJl yp oJbJL>cJl iiy*-*Jlj .JUbLi-«Jl ^UajJJ 

I £yj JjLjJ LdSjj .AJiLyi]! A^JajSfl yj 


Jj c i-JLyi aJL^p Ca a i .. . a_JU^p : 3.8 

j-A-*-iil £joj a_JLj^p Lj-iL 4 Lj-ip JjJjJl y£-<fcj 4 y^SlLi 

^a-A-aJI ^*^0 4_!l>o ^^aa-oJl!I Ob llI3 j ^»J 

.[518 y> 4 1975 4^^.^] y-UJl 


A £>-j yo 0 ja. a-u2j AaJ>-j-«J| aJIjJI ^y llI3jjco J*ju 

^ yS <3 a 1 Ij La^aaa«j3j ^^31 a a * <* 1^ -o- ^ I A_)jiJLLJ \ I AjL oJLA ^1*3«li 

. JbJl p-Jtfl 

aju^i s^sa 3.8 

(Max Ojj-J ^-!j-«Jl yLoJSfl yLkjyJl yLyuaJl JLS 

y olJUbl .1 a il 4-i */?jJ ^oJLi^L^Jl 4 _ajL*lj>cJ| a_JL<^_aJ| oL Bom) 
yji o 1 ^ij .o'y1 ii'yjj l*7 a^*£]i aj jjaiii 

^Ijl>cIaai 1 j ^JJI cJjl^JLj AiLcuJl y^ Iju^j 

^JLSI oIjaJI tJliUJl .LoLaj SiJb>»Aj ijj&La aJLo-P 
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jlj^J ^SLrJl V^Jl>cJI ol vijJL>tJ t j^-*J 

<JjjJL>- (JLoJL^'b/ IjjJLdJ j^JL*_j <JjjJL>*J| j|j . <JjJL>*J| <JjjJL>- 


Lli^P LljI . 4ji-u# Lu#Sf I w) 

. ,py4) L$jL £ 4*pI ji ii*p ^ yl <1jJ^>- SJUbLiuo JUi^l 
^ JjSfl JLp 'J^'lj vijJL^' SJUbLiuo (JLd>"lj + LJL-* L^J^i 

"V) 4_Pjli 4 Pj^j>cjo Jj_va->*Jl k 1 jJb <*p|jjiJl 4JL**J| 


iwdjjAi] 0 Li>qJL?*i*jiI liU .yup jjb (a^pIj^SI 4i**Jl j l>-jj 

^j>bJl ^^lp JLjJJP illSCaJ t 4 PjLfiJl 4 P^joJ>boJl 


P(^) > 0 
^)=1 
P(0) = 0 


:JWI 

(8.3.1) 


U' y 0 ^ : 3:11 >^j) ^4 ^Jl j A OUjl^JI OLS lij 






P(^) + P(^') = l 


(8.3.2) 


JLiP .<JUoUo j] a\*/2&\a Lo| 0 j £J ot oMLoJ^-'yij 

gSlij d—* ^^Ip LJli ii— Wjiu jJ*j) Jj-Ij iy 

4a>qj ^jjo 5Jb*-lj 4_>*dj ^Jp (Jj_*^>*Jl JLqJ^Ij ,4jjLdjo <JLqJL>«^o 

LjjL yfjc) 5 JIjJI iwijjju Lh£*j <JL«dp-l j_* ajjJJ 

x i>«di!Lj (ayJl ijAj Ji*) X y\ j^wll ^JdoJJ 

{*,/(*)} c-JyJl gyySlj X<y>J\ Jju ji&i (S ^I i**S) 

! d^ilS* li| A*^Jll«Jl £ JLd^''yi *JJ *lJl flJ* 

/M*0 - C 

Z/(X) = 1 (8-3.3) 

j^\ ia1 aI>caJI ^y^ LwJi ^ hj>- ^JLp 
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E(X) oJjtJl 4«.2)l jA 

: 4JbJl SfcUJL o>Jl JT J^iull 

W-2>/« (8.3.4) 

JC 


. gjbll 




p(jc) JU 13 -V 1 iiiis 1 ii'b/jb 

: -j^o _>A)I j^JLSl 

p(x)>0 

jp(x)dx = l <8 - 3 - 5) 

ol .isuji gsbJi ^ ja j*isai ^ 
(8.3.3) aUaJL iluuil £**JI Sju>L 2) ^iiu J.^u)l ^Ui^Vl 
mJ^LjcqJL) aJ^LojloJI JjoL^iSI o jlpLa] 

4_a_9 jJLoJl £jjjzl\ la *mjJLoj .(8.3.5) 

: iJbJl ikLJL ci>jl JST JvaiJl ^1 jilJl E(X) 

00 

E(X)= jxp(x)dx (8.3.6) 

—00 

. 4l^Q~oJl ^SlllSl ^*J>- ( jlp J-* ^JjoL&Jl 


oL*_jjjJl!I ^ jJLSl j] ^aJuLj 

i JIUJI .6jlL+S\ JU^I ^J^sJl t5 i-J iJUi^l 

A r ^j*l^a*>0 ^jJ^aAILoJ ^I^ILwuqJI ^LJ jjlll 

j-a-P t-JLk^oJl <jJL>*ji IJLaj i p(x,y) ojj-vaJl ^jJLp 

ijjL^JI i^ ^iil (*,y) p-S p(x, y) > 0 

(Nonnalization) 

J|p(x,>>)^ = l (8 .3. 7) 

*>> 
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Jl> 4 i ^lp 

<JL>- yii .yJL^aJLoJl y-Jlj *t * 11 Jb*-I ^jJLp JuoLS^lSI j] 

LuJl! ip(x,y) y*5l j-1* iJyA*Jl ^LqJl^I ^-jjjjdl 

; JLqj^^U OldbJl 0L*±3jdl 


(8.3.8) 


/>(>>) = //>(*> J0<** 

X 

p(x) = \ p(x,y)dy 

y 

^jjjJlSI L# JL«jL?-'yi ^jjjJlSI a + «- a ) Lij«j lijj 

1 | 1 ^ >T * * ** t ^i^ILwuQkJl 

:0J ist tp(yW j p(xo\y) 

P(y\x) = 


pip^y) 

/>(*) 


(8.3.9) 


p(y ) 

(/" P(*W ^Ui^'ifl £pjzi\ <3L^ yj 

. y 4-^jJjcoj x JLp Jj-va>Jl JUi^l 
y-Jl j *t»11 y j J-^jloJLS Lia LaLlw-i^j yd I oLla_?-5L«Jl oj, 

w7i» 11 ^«lp O^jJUdl Jbu ^j*lll 

p"*d t * 1 A *.»11 *— W ll ^J^aALqJI 4Ji^ .^j *1 */3G *,» 1| *— w ll 

^jip ^QL>dlj yUa^Jl t y*Slj-iij*Jl t y^XL«Jl J^LScdl 
y-*5l j-i-*Jl {j-jj «*«■»}! ^Sj .^j * 1 */9 a * ■» 11 yi-*llj-ilj»Jl ^j-jj * *«■» ll 
0^ LSLj * 1 */3 * .»ll J * 1 */3 « ■» ll 

ydLoJi^'yI y_*jjyJl ^jJLp <JLlLoSfI j JL^ti^i tp^Jl L£*jL£-jq 

.J^ullj J^iuJl 

ft*Jl a»^ : 1.3.8 Jfe, 

y <-;jd 3 _?-jJj) y ai^Jl t_sjy*Jl ^-jjj-j ^yyid 
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j « * J-Sj \Xj> ^ Ij : p 16 .(1-8) JjJ^Jl 

j^y>- t a ^ c } 

Jjj^Jl . {a,b,c} tijj>- {A^CJ 

c_sjj*- = U} L>- ^ {a,b,c} c_sjj^>- 5 j^J JLp 

4JL)Lv>| |»***** j * P ol • {j * w */? Lj 

ilJUi^l .pj-^Jl ^j Jjji? JUi^M (j-iij 

; jjb ft; j*jIL ii^ycoJl X yo ^]L ciyu t_# j*- 

P(k,tc) = N ^ k ^ (8.3.10) 

N 

j^laT I jJLp jV(A, k)j jJmJl jV lL^- 

<JL><j jJ_p <.IJL* bJlLo ^ ,k Jjj»Jl iJL>tj k cJjj>Jl 

iJLs^j jj^LixJl iJL pj J\T(a,U) ^Lo *A# »-jjj>*Jl 

. JV(a, L) = 6 (j* ia» 

fl*JI oJ o-^ (1.8) 


B 

a 

b 

C 

c 

B 

B 

a 

a 

A 

C 

a 

B 

a 

a 

B 


TO = 


y jy(A,ir) _Ar(ir) 

i JV AT 


k 5Jl»J (_jJl>JI (JIaI?-VIj 

(8.3.11) 


JL^Vlj . 


k tj y >Jl aJI>o ^vpIi*JL! jJbJl N(k) ci^»- 

IjJk K <!L>- Aa-^IaaJ tA cJj>Jl 


PfAhrt- 1 ^ - *<*•*> 
( ' ^ P(ic) A(*r) 


(8.3.12) 
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I ^jA (J-P JU^LP-'yi (J-Jaljj 

J* * *J2 ll t_Sj^«Jl t_Sj^«Jl iJL>- dJL£ lij l */> .4_l£^«Jl 

^Jb 1 plf-Jl 4 jJcLJ 4J^aJ>cjo 4_>-jJ LajJLJ 0 ^-$^* *<* JLSJLlP l ijc — L) 
OU t LJLijo ./? (2|L) JUi^U (2.8) JjJb>Jl i~-j» 

ja* ^all iJb-j b t_s^>*Jl ^^Ip Jj^oJL! 

b J^nJI JLp ^>^51 JU^Ij p (b|L) = 1/16 jjb 

.p (b/L) = 1/8 ^a t_s^>Jl ^jA t_s^>Jl i)L>- ot i^jJjcoj 


f i^ji LaJU si^ a»j) ( 2 . 8 ) JjjmJi 



a 

b 


c 



a 

a 



a 


a 

a 



J^aiuJl pJa^Jl ^JUl>-Vl gjjJl : 2.3.8 Jtii 

4J ol ,X t/2 A a A Lijj^J ta* P I^aAaJO LjJL! tjl {_T^ 

JjJiJl 4J jJ JC a* J }.\I JI Am* W 1| * W *,» 1| |JLA .gjlllJl ft aJLp 

<) JLa^l i)b cJlS lij pfcull JL^I 

/(*) = - (8.3.13) 

n 


1 ^LJ )jlll ^ a/2 >lJ 4 * AAA 1| 4JjUaJ| J-Aj (J -0 ^ 

.n = 6 pla:uil 


^iVl ^Ua^l gjjjdl : 3.3.8 Jli* 

^Sfl ( jJL«JL>''yi 4 j jJ X J-*al*Jl *t* a ll j^jCLoJI 

: ^ <i Jloj^'yi iiliS' cJls' 
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Mj) = «|X->/m) x>0 


m 


jjJLS (E(X) 4_*JjJL-oJ 
LVJ-S 


(8.3.14) 

jt> j^iji 

(^JLla-Vl £±)jS)lj 

L 


4muJ^UI yysjjl &!«• 4.8 

i~- L-Sfl *_AjjLiijJIj tC/'5(Ll>'ill ij^-laJ ‘tJjjJ S^SLi 

L>t & 11 itojLwj>cJ <jiL*js ^ 1 a~*m I ^ 4 ,»*/? ^ ^ 4juI vj^LJLokxJLi 

^j-WUl JU^JI JL&l^Lj Lli- .^1 ISLllSLJ ^-J^UI 
• p(.x |0 jjlpjjlJl cJLfci^-'i/l isliS^ ^ «.1>»J 

oLjIjlp-^ ipj_o_>bt ^jJLp Jjl, ^-vs> j-«Jl 4 ^* 4 ) x* jJl 

V Lfrj P(5|o at i J ^1 >JI ^ 

( _ y JLp l^Stli*? j-«-II 4 ^* * 1 j ijjjJl oli 4 ^j^J|j . jjj a ./? 

. v>oLi^Jl <>* Jjb j= 1,2,3 JJjJI y JJLiJl 
J cj^lj v L-V JJjlSI ^sSZ, 

,p(y?,y?,y?\t) ^j2^>\ iiliS" ^ /?(x J) 


t^jU^I £■! ( ji .llA i-^-t...- 11 j y$\ (Jjj- 4la^-^Lg oJLa 

i 0} 4 4lsL5cj 3Jio aJbu 4>r~all <J jio ib^ ( *^«j 

3 3 3 

xx = Jx = x, +x 2 +Xj ='Zx Jx j='£'£ J g (l x , x J , x J =Xj (8.4.1) 

M mj~i 


te>j} iS^V' lj* 


% = 


1 0 0 
0 1 0 
0 0 1 


(8.4.2) 


. (Metric Tensor) {gy} iij h./i«\\ j 

jJ-iuu (_jJl!I oLjIJj>-VI ^Uij jjJLp t£j2ut Jl jlluJI ja& Lip jl&ijuj 
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JLImJI ^1 4j<ij jt *Waij- j jJ-JjJlj .aJlP 

:01 


'Lg i jX i =x i , Z g y Xj=x* 

j =i y=i 


(8.4.3) 


i)aL*Jl ^jULS^I £I>D J^JI i)U 

olil_^iJl (_ji IJla j . Xjj x J Jji Ju»-_jj 'hi t (8.4.2) 

{x 1 } aJLS^^ jLSl a^uJI .£*-LJl <_,» < 5 US’ t , 5 _^-Vl 

t(Contiavaiiant Vector) ^jLdl j 

(Covariant «iJyL^Jl ^LjlII ..I {xj} aJL-S - ^JLSI 

cJjjJ ^ydl oL$j»tL<Jl ^ (J -S'L»l*JI ^Ldl j . Vector) 

. JjVl AluJl JLIP l^jp 


flaiJ-L (8.4.3)j (8.4.1) ^aUJl ibS Salp) ( y. 

^ ^ A >r i l ft ^Jl ^5 Uw>I 

t JJJJjj .JL?-ljJl JL>Jl ^ jJJjlSI la) jJJjJl A^.o.^aT 

: JliJl j*dl (8.4.3)j (8.4.1) ^JaUJl ibJ ^SUj 


X-X = X-X = X, 2 + *f +x£ =X J Xj =gyX i X J , X J =Xj (8.4.4) 


• J 

g {j x J =x t , g ,J Xj=x' (8.4.5) 

JSL*jj|j ,y^A yj| Ja^j ji ycoL^Jl jj, 

(8.4.5) (8.4.1) ^ <y Lp^-Su Lui ^sJl 

Oi * */>LJI jl *^1 t ^j| Jl IJUb ^ ^9 4 7 *,» ) i * i» 3 i i» >o IJLjSju j * 

y i-jy iSy«ij yJl oU-l- 1>J| irfly JUp ij-oJbl oli 0jSo 
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p-jJL&j dJLfJJ ^ c *j-*A Jl 4-Pj^ 

<-uilji L^l jl>*jll>iI *>«j o^l 

. ^.bll Jvaill (jLitf oli**kJl 

. p(x t) JLoJ^*- > yI iiliJ iij j 'V ^JLSj J^Lp jjb f j^ojJl 

<JL>- ^ Cr 0 }^ 0 p-4 t ^JLdlJl JjoLpj 

t pJLdlJl Jj3 Lp .(jJLkjo ^oj j-frj ijLjjj ^I^Jj 

* 

^juaulJI ^hJL<k^-Jl LjOhJLhP joLJl ^^a^3jsJ| ^ yi LjoLa ^ 

T* 1 

SjlaLIu. JUis-l Ji*j p(x\t) I JUi^Vl aiiS 

j^iJl JL*_«JI oVaL*-o . t -Llp £1 ^iJl ^ x j-<Jl JLlp 

£±jj^l LfU- yL U yj 

jlJLLo ool ~>cj p(x|/) jli ioVLaJ^-Vl aj jJajJ Ldij 

I (_jt l aJb^g l.»»- jJ> 

p(x\t)>0 (8.4.6) 


JjL5j (Normalizable) ajjLaJL! aLIS oo! US' 




J/>(*|0<* 3 * = 1 

L 3 

(8.4.7) 

3 

rf 3 je = dx i dx 2 dx i = Y[dx J 

* i,* 

(8.4.8) 

7=1 


^u!j>cJI oj (8.4.7) AJaLjcJl <Jj-5j 

^jJLp i ^ a* *la7 JLIp 

t)L t)S/l .OLojSlI ^*3? *AiP ^I^jUI 

^ Lo ^ JUbLij 
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4*11 » P La^j^P vJ^jI,»**■* > «JI £jA ^*-*S3l 

4^3bj (8.4.7) 4 J^Laj«JJ 4_*>-| jA iJllA .^. **1>«J| ci jJU 

. £-*ui 

itaL**J p(x\t) O^j JLoJi?-^I (Ja-i>- jt) *LiL 

:~M I 


dp(x\t) * dp(x\t)v j 
dt y =1 dx J 


(8.4.9) 


JUs^l JiJLii j iJ^1 oli j^Jl ^ /7V 3 * 

iJ' j+l\ ^ jjjj./tfi JLqj^-'yi iiLtS' ^jLj jiJJ OJ c$I 

^IJl>bI*jiLj (8.4.9) itaL**Jl ills’ .^0 l>«J| <p j iJjJl oli 

; ojj^aJl JLp iSibt! ^jlliiJjl 

dp ^j^ + Sjp(x\t)v j =0, 8 P^t) v =d jP (x\t)v J (8.4.10) 


yy JlSj j ( _ f i ; j5Ul y >jJl (J Le> ^»JLj Lui 

. dj = dldx* 

L -^-j*Jl v .llaSoIl /?(x () yi1 

:*Jb3l Sjjv all (jlp p(i j t) iibSL LJ |j| p{x t) 

p(x\t) = y/*(x,t)y/(x,t) (8.4.11) 


(Complex Conjugate) <_*£j-<Jl Jilj-<Jl ^ \j/* aJIjJI 

aJIjJIj illJdl :ol*J sjbu ^ iJljdl (J ^jj aJIjULS 

**—j t(psi) <jL-j *)bj tJJUJl i!bj «(Eigenfunction) 

j_* Ojjj ySVaj . \j/ aJIjUL! oLo.isIl fj/a• i t jA (JLuJLs-VI 

*pLv»j .oVUi^-VI <ijaj (jL*- *j/ aJIjJLS y Jjl 
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AjJilj AykJl yu aS*>U| llA UlU U^ll AykJl 

.oVLa-Vl 

; iJbJl Sj^aJl i/f iSlJ^Sl ibS' 

¥ {x,t) = [p(51 Of 2 exp[i|(jE,0] <8.4. 12 ) 

.!»-*& tllijA J^4 yo j .iJjto- A—-LS iib (x,t) jjlaJl »i-A- 
y«j .AyL>«j| *u £ja LjJ ti-L-J yJl AaaSLII y* a**£JI ol 

.aJL£1Ij SjI yJl iy-y " -■«-* 4 ^u>La!I oLaS 3I AjSLyjjJl aJL*S[I 

i$j»«i*Jl apj^-JI ( JJL« a$a«Ia 5I oL*S3l Oli tdlJS y« ^^Ipj 

. sIacjIj jIjJLo Lo_jJ ayllj (velocity) 

USLiJl y. a^I iJLiLSLJl JU«J| o\jl« 

: JL5I yJl JU> ap^ y> jjjasIL aJL^VI 

1 


v'(*,<) = 


m 


h d ^ x,t) ~- A J (x,t) 
dx, c 


(8.4.13) 


A aj»*IaJIj .(/i- h/1ft)lft ^^Ip b^*JLo dJLj^j c*jIj )j 

J./aill y cLiy (^JUI JLjj>JI j-A aajL-JI aJjLaaJI y 

JL^JI iu** OU ( oW yiVl cJLa jLipVI y yli4 .yLJl 

I yvlll jjp ajj ^ JIm £* 


8y(i,l) _ 

SI 


tt*1tj 

2m 


+ U, 


y/(x,t) 


(8.4.14) 


• yyJlj .^JpIaiJI y 17/ tLy 


/ S3 e ,i h e 

* ~~id7 i 


~-A j = -d J --A J 


(8.4.15) 


olJb -j aJj (Momentum Operator) iJy«sJl Jy 
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(8.4.15) (8.4.14) ts ^s U-? .i)^ 

0 j_A j . (Schroedinger Equation) 

jJk £2 AjJaLIj LJ Ax9 jIaJI uLjAJ t)li 

(Ci)=jy,*Qy,d 3 x ( 8A16) 


. j? 0*_1 jq jJb 4 jJU bLt^o Lo <kA\ JL?4j 

i * 4 lftAA*AJ 4 J Jj-L OhJL& ^|hJLj>bu 4 f| 4 - d - *C ^ ^ 

* ^ aP 

a^sai a,>ji ^ ^Jyi\ : 1.4.8 ji&i 

Ui—0 j {A 1J } = 0 Jp-Lii-oJl ^LlajJl 

: JULS (8.4.14) ihL*Jl 

jft^t = -|-VVf (8.4.17) 

9 ? 2 m 

(Laplacian Operator) lj -.*5(j' 5UI Lui Jj ^-~^- 


vVf = 


a(x ') 2 a(jr 2 ) 2 d^x 1 ) 


2\2 


„ 3 s 2 


V'f = 


' a 2 a 2 a 2 
a ^ 2 + a ^ 2 + az 2 


^ (8.4.18) 


(8.4.17) .(j^jjjjl^Jl) oLJlJb-Vl ^liaj ^ 


(5,0 = T) exp 


-—(k j kj'jt + ikjX j 1 (8.4.19) 

2/h v J 

l (JLoJL?“ > yi 4 jjLlP l ^Harj ^jjo 4 jL - l >- pJLl CUjLj 7 / ll* *?- 
jJb A* C^jLiJl jlJLLoj 

A* j-oJl JjJaJl ^jo L—^ SLp ^j-oJl iJL*Jl 

mJ^LajJI dJjld lijj .cLol 4l***Jl 43 ^jJL iS 4-oo^j Ja*j jA 
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v-LUl i)U)l jujlm ■ A.t-t (8.4.12) ikL**)Lj (8.4.19) 
JUip-VI iili£ (_,a p(x |0 = yfQc.t) y/ (x,f) JL^-'b/l iillS" . (x,t) 

AjjLjlU <A>jA Jl iljLlCoJl JLftlxj jjlJl j»la"*.a]| 

.(8.4.7) 

: ^y* Jp 4 jJ jiaJl AaJLII 


V J ) = J^fVVf = ^ } i/f* 


r3 L 


5 


i 9 jc, 


i// { d 3 x 


(8.4.20) 


: Umj (8.4.20) ibL*Jl ^ (8.4.19) &L«J| 

(8.4.21) 


l.A »(*') {*' 

dt m m 

j-oJl aJbJL ij4Jajjj Ll*$ 


A=n(y 


(8.4.22) 


^u!j>JLS ol (8.4.22) aJaLkaJI j-*J 

(21-4- iSiLx^Jl JjoI^Lj ^Ua^JL iS^txj Lj_lajj 

r+5r Jl t y> 8) 


S(x>\m-^—L8tm^-LSt 


h(k J ) (P J 


(8.4.23) 


m 


m 


i*SjsJl rs aJl iiVJb 1 rt l^\ jL-u. (8.4.23) iU*J| jjjj 

. i34-^5 4>cI>o oL5 jAj j-oJl As^Lo oL5 j^oJ 

ju^uji asUoit 

jj>cJ^j j2» 4_taL*jo J~>*J LoJLLP 4 CJI 4_iLiaJ| pj ^ d >o 
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(8.4.24) 


¥(x,t) = Tj U2 V E(*)e*P 
: (8.4.14) (8.4.24) 

E V E (5) = (*) (8.4.25 ) 



I u-* (loU H» J L : 7) H <±. . >• 

: (Hamiltonian Operator) 


if = 


2m 


J_ 

'ft 8 

2 m 

J dx J 


c 




+^i 


(8.4.26) 


IaLs^ 0j^LuqLa i!b 4 LUj p_£)| LSLjLSL* ^ H 

4 SU 9 ^ (8.4.24) italjcJl yy E 5*J j .JjSlI ^ 

2\.^. j\ aL^j, L*J iSllJlj . f lkJl 

5-oJiiSn iliLol l yaj .(8.4.26) ibbc<Jl ^ {d, t/i} 
o^jj f j jul ^jJI a 1 *^^. j olip ^ 1 ^ 


a,*s3i Ljai ^ijdi V JLJUI : 2 . 4.8 Jilt 

4*J (ji &HO ^ IS <J ^Ul ^1 ^Jl v JuUl iSU, 01 

• tj* U\ = JSTho ** = *1.0* aSL1»j ^»-Ij y 


E „=[n + ^©ho» <%o = » = 0,1,2,3,... (8.4.27) 

^^hJLil i fi ^hJLji_lLj L^_) 4_dLlsJLJ jji-k-tJiJl i^usJl 

.v* ^ t^i i^jju ij jsj ,^xi\ ijuji t5 i-j 

^ (Jja!|j , J^ail>o <w<Ll? JajJ iJUailaJl iSUaJl ^-3 4P 

• ^A ^ j * aJ 23 |^j ^ajJjJLoJ 4dDftll 
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En +1 ~En~ 


Tl +1 + 


|^®HO - ^ n + 


( 8 . 4 . 28 ) 

v v *■) 

.iiLkJl jLS' j_* (8.4.28) i-bL«-<Jl ^ iiUaJl ^ <jjJJl 
/t)LaljJl SJj'jj ,_5jljJl w^Jl j_* (8.4.28) <bU*Jl ^ 00 h o 
J£J olol^1 oJuj-jj oo (_ 5 jIjJI aj^sJIj . (radian/sec or rad/s) iJli 
! 4 JI 2 SI iS^jJL (Hertz) Jj j-|j ^ oJL >-jj f jilL j>j <JIj 


€0 = 27 # 


aJWJj LjJLP jMAlil ^^oji £ho ^lil t_jJbJUJJ 4*^^]I djUaJl 

:3JbJl iS^UJL wyJlj Wjdl 
^ho = = ^(^^ho) = hfmy (8.4.30) 

JaJLi mjljLI? o'b/L>- ^jo j_«_j ol ^JLil jjl!I ^jJLjJLqJU 

auji at .a©ho aiu ^ jU (^p jt 

tn = 0 I iJbJl oli 4 JUJI ^ c_jJ uJ loJLS 4*->jSfl 

4^jS[| 4 JUJU 4J^iv» ^ iSlt .E 0 = tl 0>Ho/2 L^Ll* 

. c-ijv* j-A <^2*1jiJl ojJjJuJL! 


4«A£** 5.8 

(Richard Feynman) OUbbJ ijLtijj j*iJl 

41 ^-j jjat ^ 1942 ^Lp ^ p^Jl L£jL5L<J jL—oJl J^qL£j 4-JL^-l^ 

.[1942 tO^o^i] 0jj 4 jwL>- Ljj pJLdj ^jiil eljjiS'jJl iiLjijj 

^jJLp <JlILoS|I .(JLoJ^'yI Ocwu p^ulj>cJl 4_S^ y>- iajj 

^jiil .(8.4.11) LaLjoJlS ^1 \j/ illjJl ^ JU^yi 

4-ikljo ^alia2 1 IjL-^q ^LJl JLqJ^-I ol jLo-bi 

^jJl 4 _*-u# fjJDa^oJl ^jpj«Jl <SjL~j ^IjjaJl 

^ .-:1L .*>.»li aI .*>) ^ .4 0 la *.»ll 4 JlS^i» i» .*> i» li ^*i»> 
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oLwOhXd (1?^^ t jl>-ijlLoJl ^3 

etUS ^ L>j toljL-*-oJl (1.8) Jl^iJI .5.1 ^~*.all ^ 

^ j ^J| t ^ la d *T j ^a-P ^Ljml^JI 

jj^ajj -dr 0 oL^UJl (j-j (v—’j <_y^ Bj A ^ ; :Ja.a:ll 

(JljL^Ji iiJ-A ^1-Ldj^ .^yJbJl cJLa^JI ^Jgi ^L4^J^4 ^Laal.»J| 0 L^aa3 


. ^1 pLjJa3j Aa^aaai^^JI pLjJaaJI ( ^aJ 43^*JJ ^ J>-\ Jh!i ^>-j 



J>- ^Jyi jUJI J*l& JJL>j : 1.5.8 Jllo 

(*^-i ^4 l^-* j*~ p-^4- ^j->~ o^j JL j ^ 

t + 8 (j-^jj -^i+1 ^Ja-fl-i J-LP (j) 4-*—* CajI***?- 

^IJL^IaaiL tj xi JLlP JUj^NI i*-y» ^ 0 

;SJUl aS%JI 


^ +1> / + fi)4K h), '^.<)*i (8.5.0 

v4 _ 

—QO 

(Normalization i—jjLj—*_il c~_jLj ^4j dXj = x i+ i-Xi <^—;—>- 
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L gJl j-pV iJb 4Jlp j .. n i II p_ij S j .constant) 

4S*5U]L (Lagrangian) 




(8.5.2) 


: ^ m iJbS3l ji (jr J*5Ul y>*bl 5Jbj 


L(x) 


_m. 2 _mf dxf 
2 lydt) 


(8.5.3) 


(Trapezoidal Rule) <j 


SjlpLS 


\Jd\ I ^ .(8.5.1) &LJI J J*isai 




(8.5.4) 


^ ^ £?-> 

S X = x m ~ x i> x = x m (8.5.5) 

: yJhll JSLUI J* (8.5.1) &LJI ibS 

^(x,f + e) = -^ J fx^i-^Siy{x-S x ,t)dS x (8.5.6) 

(Taylor Series Expansion) jjJLjLj a 1... 1... iJ jJLL» »|jj-Lj 
8, i-JLsJl s ol*J 

: (jlp Jvaa^l 
<8 - 5 - 7> 

(8.5.7) aJ^Lm-oJI o jjAjSii «—*j L11 JjL&JI 

:iJhll o^AjjIScII 
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(8.5.8) 


J exp(- a 2 z 2 jdz = 

—00 ^ 

Jzexp(-a 2 z 2 )db = 0 
—00 

Jz 2 exp(- a 2 z 2 )dz = ^ 


^,0 + e|7 = 7—^,0+ 3 2 » 

9f a 4^ a 3x 


: JbJIS (8.5.7) 
1 4 jt d 2 # 


a = J (8.5.9) 


2he 


tE —»0 L°JlLP (JLaJ^-Vl CjLjlaa. AjjI^ aJLuil ^yo Jl^IiJL! 

:^M5 (8.5.9) A=^ 


„ . 9^ . l s 2 ^ ,, , ft* s 2 ^ 

«K*,0 + = ^(*,0 + 7TTT = fe f )- r Q 2 

9? 4a 2 9x 2 2wn Sjc 2 


(8.5.10) 


O^LoLaa LiJLiP E Jt-Ai £^oJ>*J (8.5.10) aJaIhoJI 

: LjaUp (_$! t£ jjjbJl 


ft d 2 </> 


dt 2im dx 2 


(8.5.11) 


, dl ft 2 gy 


9/ 2m 0x 2 


; i jji (8.5.11) 

(8.5.12) 


. y*il ^ y* (8.5.12) oJLa 


4^ iLSLASL. sybU* : J|6.8 

5jlS|jJI oljyiJl y* (Tunneling) Jlyi-'b/l 2y*UJ 0) 

LoJLlP . j|jL>- ^JlP ^^aJLj S^yj . 3 4 aa£J| Aj jlijJJ SJbyJlj 

* 

i<JLoi>-l lliiA Aaa^SI aj jJaiL! Laij .Ju y Ljjls s j£3\ ^.il»..«* 
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p + * 

<3^51 jJl ^ S^£11 jL tlJb>- I0^ ojj 

10 ^~ ^ 10 j>*_]| c^Jl (^ol cJ 0 ^ 4^-wwfcJl o 

p ^ p p 

I L^ t ** * ^ 1 L ht^ ^jI .* 1 ^-jwL^tj ol ^j ^<j 'il LI 

J>-L*j ^oJa^ 2 j 4 P'^JpJI jl ojjJl JiLa 4 ^^jLl o^ ^v^a 

( 3 j ol JLj 3 -I jU 4 a^>- aJl>J j* 3 jJ! pLuJI Jjlo 4 jIjj>*JI ^j-a 
^ - I LJ -* L^ I j - - ^ 1 aJl>JI p'LfcA*_p' p* { 1I ^I a^wiJI 

^3 L yj, Ij-a J|^iL^AJ oj-ftllaJl a Juts .IjLfclJLa Oj^o J O^JLpLI 0->J JL>- 

.(2.8) JSLUl 




<juAx!« A^y^. <^— 


e-SflU A^j=k 


>UJi 

1 


L A^AIaU 

^5-a^I JjjlkVI djfcQa : (2.8) Jludl 


( ^ ^ aaaa J I A^fJl ^*^ «a Ifl fl . m ) L^aaaa^K.1 I t_Y ^ A®^^" (^'^) ^^^^aaaJ I jaaJ 

jl 4 4-a Jj>- ^1 JLp^JlL fJj . Jla12a aa*^. j| jj>-L>Jl j->L <Lg->tJLa Jl^LJL! 

Ow\-A •^ < ^|^A^ - '^|| AJ ^ I 1^3 1 Lj^A—WM-dj J&i A AAA A A 1 L)uUAaJ^C_ 1 l 4 4-P 1 ‘-Qi^C—® 

.A^' (>* jJAuJ <~J l 0 (jl L<>fcA-fcAA^tj l 

LS* ISI_ j-L^I jl oljUl oLL> ^IJj^jlL 4 *LL~*Jl 

. Jlji^-Vl 0 SjlaLLo J-«Ij 


^jJLp .Jlgj>*Jl aSU? j^L>- j-a (2.8) J^OJl ^^Ljl j?-LtJl ol, 

. jl^-?LI A 3 Li^ yr^>- ajIj ^^x^aJsJI j|0j>«_II jLapI 4 cJLa~<>3I ^^ a .a.a a » 

<-^fcJ Ol *jlO-^tj| ( ^ Lp* QjlUs I 4 -A^La^^ ^Jla-?X^L-J 

jIjl>JI oliij> Ls^i ® jyr 1 ^iSLt cLL I3| j!jl>JI 
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tJjL-LoJ 4-JjJ^JI Jajlj^Jl OJ .j|JL>Jl £jL>- 

^j^tu t ji*~l <JLjLa h 5' ,JLj_>Jl 43 Li? y>-^>- * i fl y* * 1 £>° j|JL>*Jl 

i j^>ji jj ^ Oj^o ol ts>iJi Ojjzsjju 

.jJlJI ^ cJLij oSf y- i5Li? fj£i pJ Lo sijjJJ 

tJL$j>Jl 43 Li? y>-^>- jIjlJLq Ji-<4 (2.8) J^-iJl y-UJl ^LajjI OJ 

li| .4 joJ>JLS 4^y*Jl 43Li? jl JJLo JJLqJ 4ia3L-J| 4 joJ>JLS ^«-l| ^Lijjlj 

Jy iiaiUl oU-ls^l 4*j>J iSyJl iSLl? JUj ^JJ| p+J\ OLS 

O l ■» « *1 >«JI 4jqJj- £l*j ^J-S y-UJl oLi i JLj_>*Jl 43Li? y-L>- 4^3 
4*?-Lj ^jA ^jI^Jl <f>^!l y*J jJyJl ^JadL-Jl 

«t iJLub OLi t j^LjhJI JuL*t ^ $«-11 0L£ lij 


y-L>Jl jlip oL«^la1>kJI (<a^uji^L^SI ^LjySl i y 

JytiJl <ia-Sj y?-UJl y ^jml*JI 4^j>JL! lyJl j-oJlj 

oLe^lt^tJl 4j*y>- LoJLIp i p^]| i yj . (Turning Point) 

j\ i JLdij LqJ^j oL«^u1l>JI ^yaxj oli i y-UJL 4la3L-Jl 

* 

. [SL~*y£ 4Py»«-«Jl 4ji]aij«Jl j^>-L>«Jl ^jA c ^y>cj 

4^Ljfe^4f ^^aJO I j-tf** ^ ^lp OfaJL^Lkil^ ^ ^^ ^1 L i ^ ■*-*■ i ^ i^^bdhJLJl ^hJLji_Jl 
LuL^aj Ui ,4Ja3Lk-Jl 4joJ^tJl 4_PJ^--J tJj^L>tj| ^Lijjlj t jj^L>«Jl 

. sJibJlj i^^AioJl oU^ul^Jl y cILoJ^Wl <wjL-l>- 

yo JLaIj E 413 Li?j ffl 4lilS' ^ **** ?* cJI j »JIj>'I 01 

* yb U &<Xqz*- 43Li? j L 4v? 


P T = 


1 + 


u 1 


E(U-E) 


sinh" 


\jlm(U-E) 


h 


-1 


( 8 . 6 . 1 ) 


-i-n-i-Ii+ip^-W^ 

T [ 4[£(U-£)J [ h 


T / , - 


-E) 


( 8 . 6 . 2 ) 
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. ol I *UL c)Sf 

Ljjjj Ju2j ^JLSI *y>*Jl jU t oL~l^>Jl ^jjo Llq bj 

^jL-u L$jjq ^JLSl *y>«Jl cJJUJLj .iLiiJl ^jL-u 

Jb>-lj ^|JL>tL^i| LllSLu t £J >-I yo >a -l£*JVl JUs^l 

c_JjL>tlJl ^jA *y>tJl t <JL>Jl oJUb ^ij ,olyj oJLP <jj_>nlJl jl j- 5 oj 
c^jL>d]| y j i iliiil Lj-J Jloj ^1 

t j^° c5^J ^jL-u p. * Jl> cJI l ^« s -£-*-jI ^yJl 

col jA sjlp jl oL~l>Jl ^jA aaj>- ^Ijl>*^-*I <5! i yj j^aSI 

yp IJLjCLjoj IJj jA ^ixluwii <ia 3 L-Jl ioJj>cJl ya Uy>- 0^ y-— 

,^-UJl yo JLil-L— 4 _la 3 L-Jl ioy>Jl yo y-S/1 *y>Jlj y>-L>«Jl 

. LSLjLSwjJ A^alaifl <j>haIj ^ £$lrJl oJLaj 

.<-^£j| ijjialil JLp Lo y*J L*Pi ^yi^a j Jly£-Vl 0ybLt j| 

Ji>0 _ obtSj t oljy—jjlyj| jjjjaj 0jJbUaJl 0 jlA C^oJL>ilI^-I JLdi 

11 ^jip LxS'jJl 1 " 3 1 **l 4 j^i|^jOJ _ LjI ^yLtJl ^^^^aA 

u? Lj- 5 Jlj^^fl 0j-ftLb ^jJ ciiLkJl jJaJ i^j ^y>j .(^jiJl 

. 4 jj jl]| O^U-lilJl 


4-^)1 a^kJI 7.8 

4-*^» ^y^Jl <J jilJl <wjL-^>JLj L-.L-.I ^1 i-J-fl^Jl ol 
4 oI^-^l!| t j^o JbJUiJl ^1 j!a\ yJ Jij .5JUJI 4_>*JLo jl JLoJLp-'Vl 
yt U*j 0^ ot ^1 ciJUJl 

^ Is *) .ypL^j^S' ^ ; o I Lo^a olJUbj 

yjj^-L-uilJl Jb>-I Jj_j-9 jl a^os^^Ka ySHj cyj^^fllJl yS ^ 

* ** * " 

• ^S3l 4j ^1"3 * I jOiLoJl ^ iIJ Ij j I y^Wl 

^JLSLtJl <j^JaJ 4^1 
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aJu j-W p^-Sl <j jJaJ 4 _JL£-l£ ^»l f-LqJLjJLJ .La j *^aTj 

i«-u- JS' a-l1aj LJ o^ (i^L-*>«Jl 

Oj-^-j < 1)1 ^ L*_v?Ljj LoUj SjJLpmJI 4-JLSLiJl <*j^-l 

jij ,Lj_Lo 4_*iLj oLojJLa^o ^JLp d)l Jy J-olSUL 

ol ^**** ^ * ^ ^I ol L>«^ d*J^s>*l 

JJULj <_£ JL?-Jj If ya.>«J 

*** a * 1 1 ^jLjj^uaJl L ^ ^j-a-11 c jL> r i» l i 

j i-izW fai (jjiJl frj jI 

<y 4 * j >- <la$ ^a_5 llj| yill I ^ III I jj-^alll £*kj 

°JJjLS Utfjt ^vaj t<iai!l iiL^VL .4-diJca <i j& 

SjJUl ^Jj>t + LoJLLP ojjjLdJl |jLj_?-j t OcituB ojij tiijJiJl 

4jI jJLaj OjjJL>J| ^A o^oJl (J^L>t«-k^l .4JCkt^oJi 

pJ-Aj W <y ^iaij Lis' SJj . p-L*j W 

l ^ - ^*■ ■ -■ 1 L*-aSU^ ,4Ju«jo 4_la_3 ^t 4 jJ>- 4_la_5 JL>t 1 L»-S Lo L d **«* a 
4_*j>- 4 lad j ii jJlJI (4_aJ>-) S 4 JL?- 4j>cJLo 4 |JL-«J| 

4>tLo ^jj^j (. |JL*J| (,Aa-l>- ( yc t Ls^ljI .aJL>t *a/3a ejSj 

JJUJl 4>tLoj .aJLt^q^s^o ojSj 4Luo 4lad 1 43 jjiJl ^d*/aji (ilj-o) S 4_1Lj>- 
Sj (a-*.?-) S 4 JUJI jjb (^LlajJl) S J^-S' ^LlajJD 

cJlj-L-Jl IJLa ?(^LlaiJl) S iJUJl 4_>iJLo ^A^d< ji .( 41 ^ 0 ) 

J^LSULj t^d^ji (^UaJl) 5 0 Ld t(l^*^*'^ 4 ^ 5 ^ ^»***d) ^Jj 4 »*«**ILj 
<3jjl1\ ^y jJalJ jli .iki <3j *.j ol ( jSUji JS' 

JLS SjjLil ol 4lJl ^y JUla-l iSLlA OLS' LoJLIp 

*y ^AjjL-J^o jIp^^ (^Ualll) S 4 JUJI <s**Sjb OU 
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^4^ t, d . I J L a I ilaill jl dUi ^jIaj Jf* .(<^>°) *Sj (i^) 

^3 4 J-o*P 0 | 0 ^^ ^P’L^aJ^S' j 2 j JlXjjJ) « > *j 

^ <Ji *s auJi 4>*i» iijiii 

^ybj ill>Jl 4>tLo Jly£-L eijjLj IJlaj .(i^O S jl (i»a-) S <!L>Jl 
^^JLp <JjJL*-*Jl j^p 5jL>-^/I ^pL^-1j j-S^ jjuj-o 5J| 

. Ja3 ^yfldbj 


Jjjj^iIj pfi .4jLLa^j Sjiaj pjj ^yLvu^Wl jOjJjjj 

* * * 

,j_>«_Oj 4Ja-mlj_j c 4-iJaJl la la dll yo |Jb>- I j-y^ taJlP 

yo IJLa- ^JbJl UUb ^^JLp (^LlilJl) S iJUJl 4 _>«JLo ^jJaJuj 

ji jj 4_jLo£J| 4lJ L*j IOj-^j ol u aj 4 a la tSf I ^JlPj .4-*Ja_)Sfl 
LoJLlp c_» yJl ^y UjJaj lili . ^yjco oli 4_JiL/a?-| oLo jJL*jo 

03 ii> J* ^y oljJJl oL <JL«J| ^y JUjLa-l illlA oL^ 

ia_ki JLp ^yLp^J c-jjjJl t ol JL>tJ^ lijli cC^JLp^-^I 

c^yU^a-^l ^y ^ la la? JLp £yj >*-j < 5 y-Sfl <wivilJlj 

jr S' .>OP ^ylp Jj 4 JL^-t j ^Uaj jJali W (^UaJl) S iSlaJl 4>«I» 

t>r ■>■» 4 <■ 1| p- * 1 la H > uij_A_J 4 ^ A A ! 1 3JL*-oJl 4 A la iSfl ^J _>0 I JLa- 

j-p LjUaj^J ^lya j (^LlajJl) 5 5JL>Jl <j>^ j . (ensemble) 

iJl W ^yL^a-Wl ,4-oJajSfl y* ^JLlaJl 

* 

. ^pL^j^S' jA^Ai ^y LilaLo cJlS' ^yll illaJl 4>*I>o Jljla-^ 


^1 <s^Sj Jl o^JLa^o jJr <jjJaj 4-jj la 1!I J| 

JL^JLa-'yI 4 w->L-o- LF* 

ol 044Jjlalil j| ah* ,4JL^«-oJl ^jlull ^ & !?■>- j± 1 I2 A$ 
j-dll yo ol^-^J LjLS' (^ >A.>^il) 4u^^J|j ^yo j$Aa 

• 4jlm JaJJ oLu jJLj 4 * A*\a j| ^a*/ 2 7 ^yJl JjL>JJ 4-LL5JI 

• Lfl 0 J|-^£ 03 4 aax-i—J l ol Jjil ^ JLoJl ^|aaa^ ^ -J^-5* 
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LLjLj>- ^a y>H 5 d |j)f| 4 _j y>- jJ, L^S* I 4.8 Sd^aJI 

4J ^JLSl LkuJ LajLipI ^£<4 4 -^Jl OLi t 5 ^jjj| 

t<JL>- ^^JLp t dJjJl .i^-JLt li^L^>-l olpLiajI 

UojJL?- o j-£j oLJIjlJL ^iJL>JI LlLJ 0j ^ ^ ^_>«J 

.[535 ^ <. 1975 L^o i^yJU i^kll 


I 0^j-S'Lo <■ oLoLvalj ^JLaIj Lo ^3j 


L^i ^jJ5j 4^*J> Jb>-^j *y ^JxJl L^jL^oO ^jaj 4^J>-j ^o : 5.8 2d^a!l 

CjLjJ HI ... oZjJUo 4 _oL?- ^ joL^Sl j-ajIj 

.[900 ^ t 1982 c(Pais) ^L] ^jAJl jJUIl J V^JI jl£j 


4 4-la^JIj ii^AAA-JJ lljjiaj 4^^£]| 4 j jjalSl j^lp JLfl] 

*Lj_A-iJLJ ^L-iSfl jJLjJ c A_A-«JL>iJLi .4_SLlaJlj oLJl 

^JLp oJLUL i^jo 4_jjJa_I L$-jL£-a OJL?-lj .C* 1 *1 S JLS t 4 _a_£_a-hi^L£J| 

. jjJLflj 4 j jiaj ^ybj 

oljUJVl ^ J^HSI LLjLS' pJJl l£Jl 5 L^ 

0 jii\ JjVl ^ ►Lj-j-iU A^JaxJl 

d—<L/* J 4 -s^L>«J| 4aa**\ il J i 4_j j^j_>c-«Jl Oji 4 A la )Sf I ij jJL* CJ j-l-J 

. P j-s^lJI 4_PJ-L>i 4-fcJjj! oLp4_?j_>iJL<jJ| ^L—J>-Sfl i3 jJLl.- 

- * * 

4j jiaj J jZ}\ y^A oLjjjMklxJl ^ ^fjl al!l JLj>-jj 

Jv^l ^ yb 4j j la * I i oJLa ^^3 1 * . 4***a*oll ^Jxil 4 j j la i ^ **Ij tjWl 

. ^oUJl 

8*8 

^Uil p-oLlflj ^ 

I Jj>- 4^oLjJl oLJLgjJl w ) oj . 1 4-JiLjj^_^ 43 LU 0 J^^A 
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(Photoelectric Effect) aJ j sybUiJl <yb *L^£JL! 

Ol ^jLa . (Photovoltaics) 4y^*l]yilj 

oLjySOVl Jji>J ioJ^Ul iSUaJl 01 a ^\ p-j-*^J 
c-ijS' 01 £lyl ^y 

*■* 1 1 l<-tA IJLu «^I^~qJ| ^y 1 j W1 ^3y>tlj 

4^L3i[Lo ^jJLdlj 4>oJ^Ul 4^aJL>iJl llxla*J| I Jjbj .4 -JL/?j-JL! j>x]\ 0 J 

• 4aj J^rlj^aJlj 4aj j 1 oybLiaU 4ijJL>- 

aJL* jJD jsJi oj 

<y iJL/?^JL! LSL^^ U-S(Paul Drude) jy JjL ^JiS 
j-«J j .[394 OjjJ-Tj " *t <j^-j] 1900 ^Lp oljJLaJl 

.oljJill oljjySOWl 41 jJL>J| 4jjial!l ^yL-t jjb 

^lp £^j-*jJl IAaj 

4Jaxjj^oJl yj> ^iL£dl oLjj^ yb CjLj jyS0|j ilS'L-- 4y^y 

jl t 4 _a_^jL>iJ| oL)j yiSLJ’Vl ^yb jJLSOdl oLlj ySH\j .SjJLlI o!j_Lj 
ipj-«L>.-«Jl ^y S^jj>-j-«JI j^LixJJ LJL*Jl iSUaJl oLjy—*uo oiij 

iJy*ti j 01 oUj.^jjjJl JjJL>Jl ^y 4 -j-l^aJjJI 

jJL^iJI oLljyL^Jj o^LpLiiJlj .jJLflJl y>«Jl jLxJl JJLo 

0J J&y\ ipj^LAi ^IxIjj .oLoU*axj| 4 JLo^ oU-aI^JIj 

* * 

^jjojjl Ja-LAijJL«J T Ljyj lili .Lol0jy^3^/l ^yLxj LcJLIP l*la>cJ 
^L^aj ^y oJy£Wl iJjLlj 01 JUj^I 0b ;oLc^L/alil 
4_>-j^ ^y ix-^L^ S^LJl dJLS^ lijj . dtj'i ja dt 5yiJl 

^y iSjLUL (^jly»- OIjjI 4lL>- olJjy^lVl OLi ^ojly>Jl 

. oLc^lvalll 

bJLp ^yL*ij oljJLaJl 4 a! */? j-qJ 
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>S >1 J [ 4 * VI ^i^Jl J&] 

I 4 y>*3\ ^,..l>rll JbcJl 4 -jL u .^....iV 

*2 

- V 2 i/s(x,y,z) = Ey/(x,y,z) (8.8.1) 

2 m 

cujLj j c 43 LI? Ej tjiLScJl 0 jills' m 
iJjlSojJl oLJIj^/I <y i^j-Jl iJljJl j c2ti Lqj~JLq 

pi op^Jl jt oljJLSl ^ l>li .(ipjLS^I) 

0j^S3| Jj*-iL*-ii t L [ ^ * 1 1/9 J ji A-JlSOj aS^-Ji oLaSLo O^Sjf Ji-ij 

( 8 . 8 . 1 ) 5 JiL*-«Jl of 14 -^* * JL 11 OLSjI (j"^J 

^Ualll IJLa t tufiH jjlll isj- jaJI aJIjJIj .^il£sll OjjS^JJ il^JL* 4 a./a* 

• g ^ till ^JaJl Jg^.t>]| ^j3>o ot 4 »>*j ^**lZLfell 


j/(x,}>,z) = y/{x + L,y,z) = ^(x,^ + I,z) = y/(x,y,z + L) (8.8.2) 

Ljjji LiJLp- U 9jJh (2-8-8) aJ^I ■ * 1 1 ^ (_£J^*Jl J»j-iJl 

^jjJlSI (^JLs^JI -Wj-iJl J-!U-jj . (Periodic Boundary Condition) 
(A,, oLdlJb-VL; JL*JI & J\ ik ^ i*S^ 
ills' j i/L if* k £ l>ll <y J»liiil frl J -Ky, K z ) 

: 5 Jbil ojj*al\ J*k£\ji& ^ A^lJl 


n 


h=jin x ,n y ,n z ) 


(8.8.3) 


n x = 0,1,2,...; ity= 0,1,2,...; n z = 0,12,... i>r ll alJL^bU 

JjIj- Jlj-I . (Fermi Vector) Af aaz^JI 

ilaLojJl ^ ^jjjJl (^JLftJl i»j-iJl ^^2)1 (8.8.1) aJjL*jJI 

: ( 8 . 8 . 2 ) 

yr(x,y,z) ~ sra^n*xjsm^fr,,;yjsin ^n z zj (8.8.4) 

I jjltill ift^li- (_yAj 
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(8.8.5) 


= 72 -fe +n 2 y + nl)=k ¥ -k p =kl 


2mE 
h 2 L L 
H .tiy= 0,1, 2,... i .n x = 0, 1, 2,... 

• bl-lp! jVl jf*j ,n z = 0, 1, 2,... 

aJUJI Jt) A^jVl aJUJI ^ iJLP ol LiJLp lil 

ft: <y° iiiaLoJl OLi aJLP jA jJLi! (SjlJLjl ^*P 

jIjULq jA ft;/** ATjr= ||Xf|| LjbjjaS */a) La j j ^7 

(Fermi Sphere) ^S^£j S^£)l 0 Jla j 4 >«i>o 

Ujj .Jb*-IjJl jjoli i-j-o-531 oWL>*Jl ^jJLp 

it LiJLi t JJ jt yu0 J-* {« XJ n^,, « z } aJL*> J5 it 

j^i a jS £cJa^> ^.Sj^Jl ^jo iaSi Ju>-Ij JL>-tj 

a) jji^Jl oAjjI*-aJI Jvaij <_y=j . (Fermi Surface) ^ 

. 4J j* ^AhP ^jP 

: ^ (_r"^ (_r* OJ 


( 8 . 8 . 6 ) 


ft 3 ft 3 

AT = 2 -^F = -*L-F 

6a 12 3rr 2 

^JaLaaJI ( 8 . 8 . 6 ) j^»«jj . F = L? ^.. a - 

(Pauli Exclusion e-Lxi^-*>U ^jLi SJtplij £v»»J ollj^iS^Vl iSf 2 
{j&ai V ajL ^jL SjlpIS j . Principle) 

f J Lp • b. .j ^^^ll aJL*i ll i ] ~*^ 1 >1amj (jl b ^. .i ^..a?1I jJLjCj 
jJjLxaJI 

iLjj^uui iSLlaJl ^Ju La_$J (jjt iL 2 

J3*j Vji> jt (_yl^Sll J-^-J 'Jj# jl^l * A..» 1 a$ iSf ^j. T .a 'T 

aJjL*J| ^ UjUil ^SUi S J$ J bjj&y I AiliSj .Ji-Vl 

: Jlill 0j5iJ (8.8.6) 

iV 


n = — = 




F 3«- 2 


(8.8.7) 
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jJb ^jjo ^ ^ ^ JULP iljJ>LlJl 4^j^S jl JjSjoj 

: JUI ^ 


j?p — hkp 


Pp tikf 
v F = -- = — 

m m 


( 8 . 8 . 8 ) 

(8.8.9) 

:5Jbil 4tlk ^ *Sj>- 3U*J 


£ f — 


_ P l _ n 2 kl _ 1 


2m 


= —mv F 
2m 2 r 


( 8 . 8 . 10 ) 


iJijj (_pa*j ^ (_$j*■-. ^ Ojot ju^-ij 

l 


/(£) = 


( 8 . 8 . 11 ) 


cxp[(£-£ F )/* B r]+l 

j *SiUJi 7j c^jU &b 

(Fermi-Dirac Distribution £-±jj^ (8.8.11) 

jl iSLkJ LjL^J ^jixjo ^jlSj ^JyJl i!bj .function) 

4_5LiaJ 4 jjLwljo 4J3L1? 0J_£j 0^ 4JL«J| 50 4 J Oj 

^^ iSUs> .ojl j>- i*-ja <£t ^ E=E f ^jJi 


t f = ^~ 

F k 

K B 


( 8 . 8 . 12 ) 


* * 

Lgj»-Ll>ij ^jlll iSLla)l JbJL»uf ^ LsLa I J_y3 43LI? 

iiLLJl oL^ (3.8) JSLUl . 5 tf^L .jUU Oj^VI 

. 0° K Sjl y>- i*-ja JLi* jJLaJl ^ J-v»jill ^ 

p SiLoJl 0j jJlSLS^U iiU? ^j-va-il lijr iiU* JJLqJjj 


e^jJLobjo iiLU ( jji JjSfI iiLIaJl oLjjJLl 




.aJLpLLuJI 
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.ipjli ^ iSU 9 {jA iSliaJl J 4 oLjj 

.^3L^jlII Jaj^Jw p^-L<>woJI Jsj jJ^\ 

hX^bP 1 jLdl ol^ 43U2J! 

iSUaJl ajJlJ o *>Lli bJLP oU t T > o°k &j\j>- 

j_a_3 4_3 LJp J_>-L>- jjLp*JlJ 4_*_jL^_J| 4_jjIj_>*_1| 

•■^U 5 - l s?j? gjy 



(Jlp ^1 JiSlI iiUaJl ^ £ c Jr^jiJl iiU» oj 

^ (3 y^j -s^LoJl {ja ol JJ& L^pjJj 

JLlp jJLaJi ^3 Ep *SUp j E c J-^4SUp SiUaJl 

Jaj jJ>J jiL&Jl Jaj^*£ 4*21 jJ| £g 0 js*JiS\ 43 Up ^ 0° K ojl^>Jl 

;o| (^1 


Eg - E c E ¥ 

(3 j-iJl o jj>*jaJl Jaj j2» 5iU p L/ 2 jI a jj>*jaJl 43Up 


(8.8.13) 
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jil£Jl Jaj jJ>J E c J-^v ?JJ Jilt Jaj jJ> JiltJl ^ 

^5 y-~^a ^LpI 10 K Ojly>Jl Jj>-j 3 JllP jJLiJi ^ .JiltJl oL^lw^J 
JiltJl . £F ^Jills jjfc jiLScJl Jaj^J. ^ Jills 

oJLaj . jil&Jl Jaj^J> oL^a ^ Ep Jill? Jil LgJlilt 
Jillall Lol .4-la-J^oJl CjLjjJ iltJl C->ljj^*-«-a 

Oj^j^l Jill? oL^ £ c J^>JI X!U* o* L$iLSlt 
oLJl jl Oj.^|w?-tj^J« 

Ji^JUj a j>Jl Jl Jilt jS> yLLJ JtlS* KE e JS”y>- Jilt 4»jJ c-jIS' IS[ 

. oUJJ jJl Jilt oLji^o 

J^jj^ $Ul i jLwLsAI j aJilt ^»l JJtJL^I 

oL-J.1 j Jjl jjJI ^ JiltJl oLjJl^o (4.8) J^LllI j-L-) .al j-<JL! 
Jaj j^>j jil^iil Jfljj-Jj ja3 Jilt ^lJj 

j\ jilicll Jaj l Jj>\ Jilt oLji—a JjUJJ ji Vj . j^\ 

4*315* Jiltj olj j^LN l ajU| Jfljj^Jtf Jt_^l 

. a^>tdJl Jilt jll>*j 


CjLjjguLO 


iaUa 


(J jlc. 4-i*i 



CjljjluLf 

Of jIaa 

Lu \A. 


Jaj jJa) ^JLpI Ljy>- a p^J u» 43It 4jJlI ^-oJl 4>-Jj (j| 

iJLkJl Ij-JlS' J UlAj . ( J_>_^9jJlJ| Jajj-Ji ( J_L**lj 
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^ 5jl3)f i^JLkJl 

oUj^lSL!} A^-oJ»- Aj JU ^JLSI ^-JjjJl JJLo 4 4_>«JLq oljJb p. a la A ll 

A~ij .(N-type Semiconductor) -n £y j tjilSi 

4-ftLj aj jl! ^JUl 0jjj_Jl JJLo t aJLJj^q oljJb » L *. Si 
(P-type Semiconductor) ^ A~i j oLjy£]| 

oIjjJL^jo ^JjLl>#I ajj^Lui £_dj 4 _>hjL<jJ| oljjJLS iillaJl oLjJL^jo . -p 
aj-kiLuo ^Sj AjLJLuJI oljJULS iSLlaJl oLjI^oj c */?jl]| Jajj-ki iSU? 

. jil^iSl JajjJL asLI? oljiuj JLpI 

.L^J S£gc « j_>t9 <3Li? L^jJlS oljJLdll ^Jl>o cj^Lv?j-*JI o| 

^1 .L^-J S-E'gi 5ait L$jJl! ciLi--ii^LJI (Jjlj-*-Slj 

j ^ Si ^juJI ^3 £gu o^_>x_3 iilt L^jJl! aJLl/?ji ^ ll A-*-J* 
10 eV LaJjA? JjL*J S^>oiJl aSU? XE gC <E sS <E Rl oj ^1) JjIj_*J|j 
1 eV *jJo- y y* aJ *j>JA\ Aillai yi\ A^i Lol t(1.6x 10 J) 
A^p JLiP 0 j AjjI j>w^\ A3 Hail Ja^ jlo 4 AjjLuJLSj . (1 .6 X 10 J) 

. (0.04xl0 19 J) 0.025 eV J\y* ^ »>II ijl^ 


4 ~j i^gXll 0ybUaJl 

LoJLLP jJLdJl ^3 ol A_i5L^j Oj ol Lulj 

^>-ljl ^ Ujjji_>0 oL?j .KE e >Ep lyijf* A3 Li? A_l£A3 Li? 

jJLdil ^jo a^IjijI ojj^^JWl ol j£s> ^.Ldl o^-aSI 

^jj ^jJLp OJL«JLpI OjJbLlaJl OJJLj 01 4 aULJl^oj* *i> S 

OjOl JL>«I—Ij .Ao.^SCJI aj-ftliaJL ajJbUaJl oJLa C>a<h« .^LxAJl 

Lf* ^3 AaJ^j) ^ ^Jl a jJbLtil ja **>d J A 44 SI A3 LiaJ I ^ a a i» *** *dl 

• Av?L>t!| 4 ****>*1 S AaJjL I j AaA I ^ I *a*d< A »*a*Sl ^jAj 4 1905 

djj&y 1 Lo jiiJi ^0 ojj&y 1 <j£+i ^ij 
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.jJLiJJ W (Work Function) <Jh iJLSLSl iSLkJl 

^ djy&yi LjUt* au» jit ^ jjlsji *Jbj 
i)ta JLoJjJj . 8 eV (12.8x10 J)j 2 eV (3.2x10 J) ( y^j SaLp ^-j\j£j 
( j0j&\ .LpJa** SiUJl ^jj JJuiJl 

Cr° J^i >jt djjz£3]j Ojiji (>;-i 

dj& t)t OjjjiJl jjIp t —j .jAjiJl {ja bjj£ 3^11 ^Ijsj'bl 
Oj^ssaj f ja^i \i\ . jiiji jip- jl* cJLiiU «jisai slui «±d 

4jT y>- iiUaj jJLijI ^jA <p|jlj| oli i<_£ oiiJi djjjA j 

:<Jldl SbUJl jl*j Ojj^bU 

KE e =Av-^>0 (8.8.14) 

Ojy&Vlj .SI^U cJ£ hj rtjljiU i t Sl\ iiUJl hv ^ 

0jj j-ij oU L^l 4 _>*_a^j jJLiil <p!jjlJI pj? ^Ul 

. (Fhotoelectron) Ls^> 


jLmJI JL-JjJ *jj ll pi JL>*JLk>#| IjjL <*5 j 1 jj-fiJl LXk^J 

i-*jj_v? <-JL>- j! ti*Jj_va-Jj-5 <-JL>- ipL^> [nSL^jj . 6 lj jL j ^ dl 
cLu*I_ 9 .i^ */2n i ^J0 oL-fcil i—*^U j (Photocell) 

LfJ <JU^ oli il^o ^ i-S^oJl i*UJl <y o^L^j^Jl 

-* A J 1 | ^SJ&ukJ LjOhJLhP ;g.^ *aui L^wS'^J Jp 4dJ^S C^l^hJtJl 

^yJl SjJJl ^jo jiiSiJl tiJ^iSl 4*I>JI 

^J>-J^«j| i)j-*)l\ IJLaj ,Lj>-j^0 Lj^jI o*Ijj «*t.ll 

iJ^Lx^jo oji ^jo ,<JL>«Jl (Hole) Sj->ti 

.il^iJl j^«Jl «jJ^-fiJl 4JiL*JL«Jl SjJJl ^J0 cJLSjLl'bfI SjjL>tjo 

t \a J-dHj LoJllP S4J^LxLaJl A-JL^Sfl SjJLSl 
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I J-aJLj LqJHp Sji 4 JL^aSfI Sj->«-aJl ^7j 


S^>«i ^jjo iJ jLJ . 4 -JJ JJjiLqJI i^-Ul 

oL>*jVI ^ Ol jLjJ OjLaIpI (Sj ^ Jl 


. oLlj^/l jU 


^jIjl!Ij . (Diode) ^jjb jl i-JLiJ iJU*?j ^ iJj^aJl <JL>J| 
oL>«JVl J < j_S\Jj JL?-lj oL^Jl jLjlSI jl ^^o-j 

^ 1 J ^3L^VaJ| i_| j ^ jljI 4 JL/?j-J| A a.± j* oUl .^IsAoJl 

djiVl . p — £j_> 4 _a-l£ 4Ji->c-ktJl 4_4->-j-oJ| olj->t-flJl 

^lil 4 -Lv?j-qJ| 4aa£ o^LoJlj . (5.8) ^3 4l>c-klJl j-«Jl 

4aaX >Oi t A a r>w a^a I i 4 aJLu* ^r » ./3 )J ^_$LS\aJ 1 V^Lj^^tSO^ i 

.(5.8) JSOiJl ^ jlJl i^ill ^JUI djJlfll .n-^J 
LoJllP iu^j0jJbUaJl ik^u-l Jj oLjj 

^ ij ^LaJ ^j3 JLtAAJ* . P“ 4a*A> ^ jlp p- 

n_ ^ lt® 1 p" £>* 

Jajj^t Jji-jJlj tojj>oaJl 43 LI? j^P JaSJJ 4-jl^ 43Li? oLjj^i£WJ 

V* utH LT* P" n *p- n 4 

• n- £^ P“£^ 

^iijj io^aJi 4-JL>iJi ^ oLij j&sy\ £A ^^lii * y^> ^ypuij 
<3LlaJl JJLj ol U ^/JI p- j-v? ^jIp .o^p^dl _ ^Ijjl 

5511? ^aP yui\ j* Ojj^Nl jiLScJt oj^ iiLS3l 

Ojy^JVl S j\Sy 4-JLS3I iiLkJl jijj V oLS' lijij ,*I 

OLS' li| 4 .JLxi jJz ^-j-haII OL® ^yijal] 

ojiijl iSLiaJl JL^-Lj-l* Ojy^S^I oL® ^ fe j 

CjLjjj j-iil la .ojlJ^>- jJ^Lu- 43 LUI 4^dJj 0 jj>«jl!| 43Li? ^P 4-j-o^Jl 

3 eV (4.8 x 10' 19 J)j (1.6 x 10' 19 J) 1 eV ^ 5ili? L^jjJ *^1 ,y 
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aSUpj .[471 ^y> 4 (Serway, et al.) 1997 ^Ij^] 

Lo jJU ^A <LjLi j-g 5* A3 Up A-^*^JtJl AiUai! dj Jj 

. 1.5 eV (2.4xl0 -19 J) 



U^\ :(5.8) Jldiil 


0 j->d> Lfjj, Lo-^ iiliaJLJ j^L/ 2 -o idll L/>UJI oj, 

. A*J [jj4 ^ A3 lip I p L!>UJ| . A3 UaJ I 

^llj[ c_j13 jIj A-oj^JI (jl3 4 ^JLP iAlP 

4 —JJa£j 4 ^l^j, ^ Adj-dUl A-Jij>Jl C^JL>tI^y| IS[j .*L^_£J| 

* * * * 

IJA .^3J^o ^p pj+#.]\ Oj^J UJLIP A3Uail j3jzi LiU^I Loliaj L^jI 
p yj? Aia-wwljj Al^*J« ^Ju AiUaJJ ^liaj Oj^j Jl£ ^UalJl 

Oj^J Jl3 jl 4 dUi JL*_) AjJ^-j id Li A3 Up (J ^j-wL^dJi 

.^>■1 jJL^o Aia^»l^j 0 j*3 jj ^JL) AiliaiJ LdL^ I^J^o 

iwoii>- oUJUw 

«♦ 4 # 

4 [1990] (Lawrie) ^jji a!>JL>JI *L^AJl ^p -1 

.[2000] bjJ >-Tj 4 [1997] dj^-Tj 
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1 o o ) 4 j ^ o 11 4 o*<jLuiJl 4-Pl a a/ 3 11 J^Ls^2-<Jl “2 

4 [1995] (Weinberg) 4 [1992] (Peebles) 

.[2000] 0j>lj 4 [1997] Oj^Tj 

LSLJlSLxJ 4 j^Lip^I ^ 4 iA 3 li» <j |-3 

4 [1997] Oj^ij J 4 [1992] JJLi 4^1 

(Merzbacher) j^a ^jlJLjj . [2000] Ojy>~\j i * ^ ij-^j 
. ( j£S\ JlJjVl r ^l ^ UuJ; [2002] 

,^^]| j‘j- a ' <J y~ a^jJuJI l y> JjIa Jb>-jj -4 

«. [1951] (D’Abro) jj-;b ^ 1 7 » i 

{yyjj t [1975] t[1970] (Ballentine) ^LJLj 

(Bohm and Hiley) ^LUj fyj *[1987] (Bell) * [1980] 
cILjjj t[1994] (Omnes) j 41993] j 41993] 

[1997] (Greenstein and dll y?\jj 4Wick) [1995] 

42001] (Tegmark and Wheeler) jLjj lijUtZajonc) 

£y> [11 * 1997] _ 5 

.iljJl ^ *»U» 

^■ •■ ■ j ^ ■ ** ; yA 4.... /v ... It la 11 4 .. 1 < w " ■ •■ q 1 ^ A * ■ m 1 ■ 1 -6 

[2000] (Goswami, et ^1 y*yrj ‘ (Sorensen) [2000] 

41997] djJ>-\j tibjr'J ‘[2000] Ojy-\j Jjlidjjjjj ial.) 

cyJ ^ 

(8.4.19) iUjL^Jl Sjli^ ^ f(x,f) j>1I J-U 1.8 

. (8.4.12) ihUJL 

. (8.5.7) <U*Jl ^ (8.5.8) &UJI Ji*il 2.8 
k ^«Jl iJjJl p i) 4 ..^.5 3.8 


373 



Jl Jj-laJl X cL-p- ^ =_ f^K=27r ft/A iS^UJL 

ipj-k-U 0J-JJ-d-J <JJ-laJlj Lf^~ J -0 ^ I **>>-l 

.SI olJL>- jJI ^Ualj < jp jlp ,0.001 c ^jL-j 

^ 30 m iiL^o 5 kg l fihZ (bowling) ^jJjj o (] 4.8 

y- <311? Lo . 10 S ojji yj 

,y>- ^.4 *1^5' £i3yJl o jS ULoLp LjI ijPjP I (^ 

?LjJ yJl ^JLxJl jIjLLo Lo 

JiJLuJl 4J^LP LoJL> t 4 4 «*^ ^jJyJl JjJaJl <^^->-1 (^ 

Jjiaj| X ii~p- K= 2n/X ^yJl 


LM = (1/2) ^ gJI<Jb jl j *I 

JJL*J ^ jl^l-I .(JLj^Jl) ^vajJl oil? V nuc 2 K(x) 

. p^JLS aJjuIjuo ^LiiLi'V oLoJut-flJ jL^Jl ^JjoISo 


JliyV>U P R y\^i\ JU^I j P T iLiiil JU^I c-^| (t 6.8 
(2.8) j£-iJl ^y ^y--<Jl y-L- ^y^Jl ^^JL^l^JI 

^y olla *.<>■ !l E t L i U i-uLj-^-i-!l o^LoLjl-^JI j*_y LqJL>t z^fi 
.6.8 r ^ll ^y E iL 4 U o^LoLc«Jl <wiyJ .olbl JjJL>JI 
pj Lo ijjjL/? W S^JL>«-o E iL iU o^Ll^JI jl yil 

. JjL3i ^SjL 


Pr 

Pt 

J-UI 

au-i 



-> 0 

1 



t/-» oo 

2 



L^0 

3 



L — ► oo 

4 



HO 

5 



£ -> OO 

6 
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j-a-p y>-Vj>- LSIjJI j_j (o^ L>- jl) aJL>- J (*wj 

?JUal* 

iij->iJ k^SL-} oj> 1?j-5-u- (JJIjJ (oNL>- jl) 5JL>- J 

?iU4» 

.(8.8.3) Jl (8.8.1) o^lxJl ^ (8.8.5) ibUJl Ji*il 7.8 

JL1P JiJ <SLlaJl J ailjtf .ii J.> - ^ J LjLj jt—jl (1 8.8 

1 ^^a ^ J <SLi? jl . (T=20 °C) iijjJl 5jli^j^ 

JLp iiLkJl . OeV < E < 2eV jj_£J iiLkJl eV 

^JLoj teV Oj-£j jl p-^JJ JaiSfl jj_>«-«JI 

• 1 Jl ® C/ 3 L) JL ol Jl ^LiJl 

0.5 jfljUa^Jl (eV SJL?-jj) iSUaJl i*J! ^A Lo (twJ 

“ ur 0 ** 

_ J p-J (jfi (eV oJL?-jj) iJLiaJl ojZflJl 

?0.02j 0.98 iijd 

<wJjiia» Jit j-a Lo ,4eV LJl? ^yA JiJ JJc^Jl 5Jb (I 9.8 
?4 aJ^j^£]| SjAliaJl <la—J jJUJl ^ jj^£]l 

?(m ^uJL) JjLlJI ^>- j^Jl JJaJl jA Lo (^_j 

p(x,y) = 2 iij : *1 «. )l JLo^l^WI iiLL? LljJlS jt J>^jlSI (I 10.8 
^■>■>^^1 .O^y^lj O^x^l ^J^iiJl J oJLv? (x+2 y )j3 

• p(y) 

.p(x\y) =p(0.3\0.2) J >^iJl JL^/I ^^1 ( v 
ja*&j ,4j l^w 5600 tj/2 j-o-p (I 11.8 
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^jJOj oJb*-J £C Ja^J jA (wfl-sAlil 

iu-bji/l i X ^ Lo . X= In2/t iS^UL 
14— o^>]| 01^ lij (^ 

-k~.jio jA Li l/?(t) = X cxp(-/„t) 
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4iUaJl_JL^Tgskj 


ixiU JjLJI LaL^JJ i-fcXSLJI olkil ajSo jj 

jnfljl ^ * J-VO-Sl ipjMU- Jil OLpj^-U <5^ J_>ljuj| ^L-L^-bU 

iiUaJlj S^LJI aJLoLh^q ^ya ^UalJl Ua ^3 j 

ol c JL>- Jjl J-p tP-LJjJl lij^l Jl5j 

4_P ^ -g- •>»■ -g-1 ./a >»j j) li 4 £> j*kM 4^j j3 4P^uJ 4jT ^>t »^ ] j ^Lk« 

<jUaJ 4 j jJajJl jj t ^>-jj Jij .^j_aj! j-flJl ^jjo 4 jLLl>c^o 

. iiUaJlj o^LJl J-J 4j ^yil^j JJLiaj jAJ 


iJjbfl oU r l>Jl *Ljj*ui] £^-lJ (jllaj JLp aJ j_JLqJ| AjjjalSl ol 

V^l■»»*L ja w .» li .Qi *li^ 4 4 oo**>* 1| 4 .«£I| 4 j jIfl* 11 ^ |A 

^LSOJl iljl^£Jl j . (Quark) iSjl ^a iJjbfl 

SjlaLlJIj .(Democritus) ^^iaj y ^jJlSI ^-3j *: 11 ^jl>JI 
^1 L*JLja*j ^>^4 iSUaJl 01 ^ 4-^-jJl 4-jj la: 11 <a-u-L-^I 

4ll£]| obf j->tJ J-P .43Li? ^Jl L^JLlj^cJ 4ilSsj| J t 4-llS^ 

4_k-u-l jj 4.,^/Jl 4iLkJl jJ^u 4-Sllfll! Ll ^ 4ilkJ| _ 

^LoJUVl obUlisJl ^ ^sll iiLLJl _ UiSOl c/tfpj 

^3 Oj-qJL-uo iJ ^A 43Li? 4il50l 
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4 IJL* J .ijjjjJl o^LpLDIj 44jjjJl!I 4>JL-Sflj 
ijjjjJl o^UUJlj iiLlaJl _ aJLiSLSI oV j->tj Ijj..ia..j JS1 ii j_*jo 

j 4-^-jJl 4^£j| 3jidl Li<J^L?- {y* kilJij 

. 4-laa-jJL! a^jlLqj \j| IjlJ 


1.9 


43^^J I A Aa« A ^ | j *A» I ^|-a3 0^ 4 A AA a A A 1 l ^* J | ^ ^ <° 0| 

A^ J 4 AAAaAA ) |^ • C1a 9 ^J 1905 ^LP 4 AAAaAa I I l 4 aJ>*J 

Cj1a.»53| CjL^LaJD O^JJLflj ^yJLp yjj JUbLi^oJl 4^ y>- 01 IwjLJT ^y 

. |jb>- 4la aa^ | oJuill J ,4jLjyJ| 

*/2 ) I 4S> Oi A^fl a i 4-a-J 1 A/a 3 4_xJs j-A iJy^Ju Lul ^y?yu2-lJ 

ip^. .J>jSfl JLp iiy^u W JLaLI-o jjbj t(Max) ^-S'Lo 
jl jj>- Jl ^-JL^j Lut uSfl ( j£jihii . 3 x 10 8 m/s LjJj ^yb *j-*^JI 
Ljj i3yJl ^Jl 4_*yJl <yb UJ ,4-uUaiJl L5 JA J| J Lva_*j 

Jl JalJL 4-lai aaaa; JIJaJI lJUb J.P 4jU-VI LLSLu Lj! 

3f jl c JLj j\ i ^bjj Liu iiL^Jl dJlS^ lij Lo jj-Sj yoj 
ij^-jJLj iiy*j| W ^yjt ^yju ULfi W Liu iil^Jl cJlS' li| 

(J-^j-d ^ ^ ^1 • y*-^* ls* *j—“j LXa J | 

.A/aj| 4_Py* A^au i3yuL ^r^LU^I y>*j 4 ( ySLo Jl 4 aaa/aILj 

j 1 a a* j *- Ll| 4 a a aa a ill ^ ^5* ^>lJ 4aa5^ j. il ll ^Jb JLA Laaaq3 I ^^1^5 

, \j A a/? ^^1aa> j ^j-aS'L Jl 4 a Art a 1 Lj 4*» ^ ^Sv3^ 4 d a / ? 

lij ?4^y>JJ ls* ^Cr° 

jLqJuu i?yJL! Jj-J ^1J ^aaLa> 1^aIp J/a>iJ ^yil ^uLJl dulS' 
0!j ^jj-aiU JL5 (J jib 01 Li^ou 4 jlaLI^JI i?JL p 

?^Lp J5L1j 4>^>*v> 
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^JLp 01 *Ljj^uaJl jJ ol < a-a-^jJI |jdo JLSJj 

^jaJ i^uLj^^nJl ^ y3 ^Sc>caJ plj^Adll ^ajI^ 3^ «JUb Ia«* ■».!.) 4aaaala 3| 4S j^>*J| 
c jlaLmu^JI J L^aausj ool ^ 9 4a^L*2^oJ| oL^JI 

JLaLIjo ^jjo 4jLLl>oj U-ULoJl oL^SOLS 4jOJL*J| ^Jl!| dolls' o}j 
.JUblA^.U jjqJ\ jLU^fl ^JLp JLgjju <j^jl*JI j*_AjjJli .jO>-T 
pUaj l ^v»jl ^JLid-Ul oLJ|jb-)/l ^Uaj 4 jI ^*J| jli?Vl c_5^j0j 

&4_J?ljJU_pfl jJaJ 4 a a a-> I! I IJdoj .^jLj 

jli?^(li .Ij^do Lxj»-^o IjLkJ cSl ^ ^1 iSl I JObLi^oJl 

L»*^* Cr° <4^ 

4^lS'^ 0 <l3^}->dj ^- >tJ • oi * ^jdl */2~ li 0^1 O-dJ 

, JUbl aiA ^_A j 4 ^«*Sl >0i I 4aa*>aI1j a/3 11 4 £> <■>_ A a/3 a < 4aj1 a/3 9 

LjI ol itL-uu lllfCojj .(jLijWlj i3j->d 'bf ^^-aSLo ol -1 

jJalSl ^ISli . p- j-vaJl dyfllj i3j->d ^j-aSLqj i3j->dj W 

Ol iJb*- jyo <jU t IliJUb Jj>0 ^°j .Ijl^qJI >- ^ iS^JLo 

. iJj->d W ^j-aSLo Op 

• 4aj i A ^a ^ 4-*-S^* L*-o lJjIjsj (Alice) a! I ol 

jja/3 a 1 a/ 31i A£>jut LL ^ pA ^j-aSLoJ 4 aa*>aIIj a if A£>jtjt 

^-_aJ| ^*^0 4wJLjJUbLiu ol ^j-aS'Lo oLi cOUjJlj oL£ULS 

^i <*j +Ji g\ji\ ^ ^^-aSLo ^li isu .g-jA/aii ip^ ci^ ip^-o 
c^LJl ^yi^-j-«Jl ojll?| jlaL 1 » jjb US' ( j-*Jl L^i i-j jZjlj 

' fc Q v 3 ^ a& jut ^jA ^pl O^S^AA^i ^-*IaS^oJI *£>jj>j* ol JL>*-»-k>i 4 j Is 

Lo i3llji .^jO ^ 4 

! lii?U Oj& 01 


JLdIpl ,Ol^J-llj Ol^«0J j-aJ jj-s^J 4JL^ktuoJl 
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ip j+m i*y 0 j$o liU ; ^ 5 J>-\ iiSLiuo Jj>- Jj ji? ^ iiSLiuJl oJla 

?JjbLi*Jl iS>- 4Jil*-jo *jt^all 

*i j-l>i *j-*^aJi ip j^ii t_jji>«iiL} ^LoJLaJi jla] 

jjL>dj *)l aS'j^m iJyduo dJ^j jl djtj i ^ «- * 27 

tfV LSLj*i ^jJi 4jI jJL*J 4 4 jLJL>«J| . f-j-s^aJ| 4Pjp-ui 

^ jj-iil*Jl 4i>tj ^y 4Pj*- ^jo j^Sl 4Pj^J iJydJ Ot p—^ 

(Off SS^y«i*JI ^Uuj^AJ <Ljj^X]I JLSLaIloJI l)j->* oIj^*j 1905 ^Lp 
oJLjJ ^Ji rAe Electrodynamics of Moving Objects) 

. iytiJl Jy Sy*Ui]| 

ip j^>kjq 0j*5Lj^*i!l j5djl i 1905 pL*J Jy 

ilydo ^yj^y jLi*l <y p—^ ^jSOuoLjjJl Jjyd] jJlydl 

,jp^-l jLla^ *- * * j-yO |» ^ * * a *- * 

(Galilean ^^iJliJl ^ylI ^JjydJl -T oJLa t yj|yL!l ipj^uj 
JjyHdJU -k-Jj . Coordinate Transformation) 

JU i~il iSyJl y*l yiti <JLp Jy^Jl JUUJI 

F ' jU^fl *(F9) j£-iJl <y 

IslaSi . F yJl jlkWl 4 **-jJLj x oLjtj'bfl y v isjli ipj^k-u 
jjojJl JLIp j jc = V = 0 JLiP L«jb Fj F' yJl J-^Sfl 

J^lj .t = f = 0 


x = x-vt 

y'=y 

z'= z 
t'=t 


(9.1.1) 
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■vt 


/t 


t- 


V 


> 



* F jlLV! 


—► 

x 



> 


x r 


F' jUaVI 


A-u^l i£jaJl :(1.9) J&AS 

jlip^l ^ tj X (^JLp XoJLkJ x' jLSUJl oLu|Jb3-| ol 

f ^jLjj .oL»jLwJLa fj ? oL~«jJl Lo-Lo tF 

^^jlpL aIx^Ijj ^xLLoJl ^jJl (Jjlw-a XqJL*j 'bf jLi 4_- ikj t 'j 

(jlk^ 4 jIj _/?*i *J t <_SjL~jj •Cx^’Ty^'' 1 

. C-^Ijj 

‘ilr’J^ otH^y ,>* ^ 

aIx^Ijj *J^.SI ipJ-^A> ^xLJ .^jjj_~jTLa O^ibw ^a 4 jI 

oLj £-^jI (Michelson and Morley) ^jj-aj Oj-~JL£jL« 
bA_&LJLoJl^ •(Sj 1 1 AaLJL^JI 4^^>- ^Lp >-A-aJL«j ^Jj^wwLS'La 

ySs ^\ 4 4-/>«ilfli^a A—I ^ ^^| ^h^JI Lwt « dI ^.& ^ ^ j^iy»»/3nd 11 

^j-a oJjJj>- AP^-oJ>«-a ^^I3l .(1.9) ^3 Lo^ 4 ipjL**JLa 

iS'j^Jl ( v^p ^LLil^a ^Jjj^^La O^/.}L*-a cJL*j>- ^^iSl Jjj^l ^Jlji 

.« 

4 oJujl>JI ^ .i-i-AL ml^XJ I 

c.I ^ Lj I 4 l^Jl*MA^<a ^ <r ^l Lj 

J^LjuJI c-i^P 4 (Henrik Anton Lorentz) ^jjjJ 
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Fj F' oLj!J b*-| t ^*j JS^jJl 


I^kJl JZuji J **j (1-9) JS^J' J 


x-vt 



(9.1.2) 



J1 ilF’ jlt>l ap^. <y> v l*j >Jl 

. F jLtWl <-—1^0 F jU*Wl 

JL* ^Ijujlaj OL^Jlj iLSUl 0L (9.1.2) ibU^Jl JJl t (9.1.1) 
<bL**Jlj •L-fjlS' Fj F’ ^^jil^^JI <_,* j^axJl 

. C-»oo Jb»j| J^-L (9.1.2) &UJI ^ l^lssj IsSUj (9.1.1) 

Bj£J (jVj *jlk-Jl 
i*J LjJj ^LiJJ 5JLL5 t 

Aaa^iS Ldijj .jjbLtuoJLS jU?Wl jLqJLmj a_ojlp 

oLuIjl^J Jb jl>*J l -r — <5 ^jLwljoJ J^KJI j-ll oLi 


jLUWl jL~Jl Jj_U 4_IajLJ cjL^Jl 



.j* Jl jltyi J OlSOojU L^LSlJU^i 
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cJlj L> Ljjl oLSLUJ 

jl*j Ljj! VJ Is-j+m jr^. J^Vl oLp^JI jlip ioU 

4jJL>l>o ^aP ^JbLUl oJjb d^>r aa/?1 l ^JLp oj^LP ,4-^LiI j^Iaj 

4_a_ 5 ^ ^jJl j-oJI jUpVI JLjJL> nj oJjl ejjli JLjJL>«Jl1 

V jl>-Ij Lo Ujl?- jL JjiJl jU t^yJLiJLj ^LJ 

jLtVl ulS* lij <i— o^JLo jjqJLlm\ oj ol JjjSJI 

. C_#J jjua ja& JL*LUU ^*JI 


^yjjJL g j l L ^ i l J|j^-u-l ^ iiL^fLj 

iAj 3-9 , < jjo)jXlJ ^ y )I ^oJL> r q l i ^ 9 Ls<a-j l l* *«* 1 j | ^-*-P t **** I I 

JUJLaj p j^JLo 4jI J-P { j^ljlll ojLlp| 4 jL 

jLUWl ^ JL?-lj CU9j ^ oLjJL>cj ^-aJL?- Jjti .JLaLLJI a£j>- ^^JLp 

^ JLfcLtuo jjaj Jb*-I j CUJj ^ V JlJ A 

.A ^^Jl jLUVl li^LJl B ^a^JI jLUVl 

*Lla_Pj iS*Lla_P L)jJaJ lij t, la a ) JLLo^j c^LiJLjj 

c)Li C JL?-Ij C*_9j ^_9 ot_>c_9 oL>cJLdJ 4_?jj>cJL«Jl LujL^J (jjJ A il 

*Ua_P oL ^j-PJLj ^ <j^jSfl ^^JLp <w ^- 9 ^j-H JLaL1-<J| 

iS' y>- J-P jysljJL! ^LjJLpNI |jub .iiP-Lkp ^3 JjJLLsaJI 
OL® ^ f-J-vaJl ipj^J Aj^JLJI oLpj^JLJ Jaii U>L* ^-v^j JLfrLi^Jl 
^LaJI ^joljiil ^J ^ 4-s^L?- 5JL>«_? aJ j-j- 5^0 0j_5o j_a_5 jLSlil 


^jJl 1905 ^Lp ^ L^oJb Aj^laJl cJJjw 

aS'A^aj>- j-oJl jj?SfL Aj jialil oJjb p. a^ 7 .V^li] Aa/?L>iJ| 4j jiallL 
oJLAj . {£j*-\ J* J^ lalLo 

jl iipjL-JuJl ^P j-«Jl ji^SfL lallja 

iiiSUi oIj jl t4....’. !l Ajj]a'. Il ( yj> (■jspSj . ijj j ,/ial l 
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ijjjjJi iiUaJi 4_pLv? <jLp ^jjij <jSl\ ^L-Sfi j_a isikiij iiisui 

. 4jjjlJl 4>JL-Sflj 


1905 ^»Lp 4-*-4-l*J 4jjJaj p^jJLflj JLp J^li j^P 0^ 

fl j ^ ^ ^-LaJ I Jbu i ^ j i 11 l ^ ^ yl| 4 i -. —. ■* H i 4^_a_j>- jJi 

J?Sfl ^ JoL*iU 4 a) ijjJaj ^Li-ktJLjJ jMktJ t1917 ^Ip til— 

.4 aAA^. ll.S oLJl ijjJilJl LS +~J ijjJajJl oJ l_A ,4PjL-JL«J| j^»Jl 

. ^oJl 4*-lajSfl ^ £—Ij Jp 4>oUl iJalJlj 


4j jJalJl LqJLu t ^u^lj aa* j 4 J 4 a a *■> ll 1 4 -i^L>*J| 4j ^ la 11 i 01 

ifcVI j-A-tSL!l iSIia j >c jJ_>iJl!I iL- ja J j-jlaj cJIJ Lo i^LaJl 
.oUl <J^iklJLJ cillj {jA j£\ 4v?UJl ijalil ^-pJl! Sy^uJl 4 ~j^>« l3| 
bJLP LjJl t i^U i^LuJl jjj la 11 j 4_A_jjjj>c_lJl oIjLjl?-VIj 
oIjLi^N I Ol ^ ^-p jJl Jpj ,4-s 4»L>JI jjj la 1 1 j JJJLj ^ IjL>o|j 
^ uuLj-kiJl pJa»4 ol t JLaj iOLjj Oa^a! oljJl jjjlalll j_>tlJl 
4*Jaj| JLp L^lJaj JLlP L/>jA/a?-j ti^LaJl 4 j jjalJl J^Ljo Jp Jl jj 
<V?L>«J| 4j jJajJl ^ 0^ t 4 jjL-J| iS’j-?- JJLo iJL-p 

J jJb|j_laJ|j otiLJl Lj J JlS ijoLaJl jj j la 111 j 

^JuOjj .iLjUl oLjial!l ^|jL>tI—L ^JLo Ia ja*~ a 7 

*Ll— I tllljj iuiUJl O^ipLalj L—JJJb | jAA^a") oUIl ijjjajJl 

oL*Uj ( 0 jl ^ * a ^ J-^) j *-* ll t c^j-^l 

.0£j| 


olj-JJ Jl ^Sjj 01 oLtJj 4-flJjcLoJl 4jdLl>*-<jJl ojJJl 01 

OL^JJl tjJB <Pj-<^_>«^o .^LjJJl iSjJL-JJ 4-flJbj>t-o 4^<?1 jj 

4Pj-o^>t-oOl kJ 4 a a a*> 111 4.4 Lm_ 1| 4-j j ifl a ]j ^-4 4 A1 *•> a ll 


jj-A .Lli-AjLlpi 
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^jlSl oL^ jA Jl ip^V* J*ji y Lj^Jl J-JJLSIj fjP-JUJl 

iiliaJl j*[*/aA J-s^l y Ijj_*^j ^JLojj y d-^>iJ £j!Lj 

. J^yaij L Ub^ US' tULjJl 


ij cJiUdlj cAi^ii^U! 2.9 

yo ip j~«j>c~4»j 4^-s^Lj iJLSUt ^JLp iuLyiJl oL^iajJl i£ 
oUa^UL 4-a.^LjjJI oLJL^jJIj oU^Jl Ja_jjJ UUij yJljJjJl 
oU-LJLSI oLjU yu Jajy yll oli^jJlJ .iuL^-USl oU-UaJlj 
4 **/? Ij^JI 4^USU^Jl */3 * l i iAj>-U «o^f^i* »i 1 ^ a ^ 

I ^jyA 1 ^ ) JL-ft 1 .«* a JL«_P 4^ejL j^aj2_1 I a w * ■» ll ii jJU. 4 * A * S' JLj JL>«j 

oL^SUl yj oli^UJl jL (JjJLj <__J| |jL-0 .4-iLlj>c^o 4 _a_a_p- y: 
y»j O^^lJl 4A.^llL) oyLj 0I ioLjJl i^LyjlJl 

.iiJUkJi >Vi 


Lv>Ljj 1 ^ 1 . . & j 4 . * .«* . ll ^ 4_J^\_J| ij^l . 1 Ij 7 /Q tj|_ 

Jju: yJl i^L^Jl J .VlJL^Vl i-Ui^l yu 

yp SjL-P 4_Pj-^_>t-«J|j .oLp y^-oJl ^ 4 _a_j|JLp-’VI O^Lj->«^Jl 

i iJliil L^>Jl LjJj j^UJl yo G 4PjU jaP 4p 

|jjJb>- Ij.^a.P ^SLij jl G <PAj a olyalaJl 0 

j'yUo yyaJlj £«j>JIj .c = ab iJUJl 4-JUxj| yo G ipyj>*UL! c 

. ipu]i iJUiJi ju 

. (<z6)c = <z(6c) ^>*^1 O^jUJ ^UbJ G ipy>~Jl y^ 0 

^j^U*2l)I C 4jj./alP 4 -u»^L>- ^Lp G 4_P^-o*>«-oJl 0 

. G y JS3 ac = ca = a 

Q j*/2 »P ^ (L^“^ ^ ^4?-^-ol>c-«J| ^yL>cJ 0 

,4pju^Jl ^y 
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G AP^gjjxJIj ^^A 4.1^wil yJU ((JL^aS' 

iaJUJI oJA ^ .iyL^iUI vr^Jl 4JJ»JI *UpV| 

. l/<z jjb a _J? c_j jJLLqJIj 1 ^: p i*v>Lkj 4 _p^ G OLi 

*1 &■•./*ji pJL>T4 ^fcXJl jj ^jil <JL>*-«Jl 4 P^jQJ>*jqJ 1 4J jjaj 

. 1 <jc~kj| ^ 

JLSIjIj JbcJl LWU oLlljji i*j|JL?-Wl O^p^Jl 
Jl LJIjl-^I oiL^sJl JL- JLfciVlj .^jlISWI £1 jii\ 
iliiJ* J*4 >bU J**Vl ila ^ iUlill iiL-Jl 

4>^JI J> 01 ^1 ^ tiJLlSWl £1 ^ill ou 

! iS^jJL ^jlajtj 77 


r 2 =(x 1 ) 2 +(x 2 ) 2 +(x 3 ) 2 


(9.2.1) 


iX J jy> jJLj z ty a oLij^JJ iujLSojJl oLJlJb^lj 

^>8 JLinU ji ^j-J^Ji ^iSoj .^1 jiJi * J IX 2 

yiiSlI ^-jjt£j ,41jJL>J| 4.*l» ) l oLiJj^Jl J2x . i l 

:2Jb3l ijj^\ J* SbUJl oIa il * 
r 2 =X£gj,*V /,y = 1,2,3 (9.2.2) 

<=i ;=i 

cuJLS 13} &,= 0j d = j cuJLS 13} g y = 1 J^LxJl 

1 ^*iIlls' 4 jj 7 ^ j | O^I^LaaJI f t 4 ..i {^‘} » 1 i tf j.y j *1 ^ J 



1 0 0 
0 1 0 
0 0 1 


• 4SjjL/xo (_jl* 

(9.2.3) 


^lj-iil j_ji oVl 2*i lj oLiljjJ 4 jJLJL»VI i-® J * >» * i l <— 4 .^a * 

oVdliu i jJLJlp 4^auJ >■ .lUi« 4j jJU VI 4Pja>uJ|j . (_gJuJiiVl 

^J| A a »—. II 1 f ^ 3 ^*|j JLAI a — A 1 1^ j - 1 ^* f ^ A 0^ L ^ ^Ij^ulJl 
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Zj^jCLjb')1 ^ ^ylil oMiLjt^Jlj L^OJU 

OIjlaLI^JI 0L£ lij oj^jiLo^i 0j^j ot ojjj+a Jl ^ c* *-* 1 j-JLJLp 

oM^Lajo o j £j ot Lojt lijj .jJ-Sh l » ^ i-4—jJL} oLSjJ**Ij 

lt* Crt LIS' *1j-— 4 _>iJL/? ^Ljj^-iJl 

4uiJj 4 jJLJLj'VI 4Pj^L>t*Jl OLi t y>^La jt t^>*J| 

* 

. Ijl>- oIj^o jJLJIp 

M.iOtj 

j-JLJLp 4****i) ^IjlijoI jjb Ijljo 

^*jjj ^aall ^juLUJ S0f-Ljj^iJl o'y^Ljuo ol <JLkuo 
jU*J ^ JUbLiuo jjb JUbLLjl j .S-j*—j 5S'^ ^Jb o*ti\ 

tj 1 hJLjb L^b^J 1 -*■ - 4j^?L^tJ| 4 a4*mJ| t i ■ ' La*T ^ |X^ yB 

f-j-vaJl 4Pjp^f flj 4 JLsL&Ljq jjj jJ?f ^ ^jJJl oLjjj-va-^Jl 

JbJ (J iv»UJl S_jJ| ijidl J oLJlJb^lj .£1^Ul <y jJLx + W 
t-S^ju If&J tJjlla* ^j^J-Sj ^jlJUVI oLS'j^S' ii^jijo 


OL^joj ^ * «- 7 OL^joJpJU jla-JI 4 _*_pLjj oLS 
{s} = {jc^jc^jc 2 ,* 5 } 4 s*i+S\ djbj . (Minkowski space-time) 

tJ^oj <y 
(9.2.4) 


3 3 


J =EE?/ lV & /“. y - 0,1,2,3 

//=0 v=0 



l 

o 

0 

0 


0 

-1 

0 

0 


0 

0 

-1 

0 


0 

0 

0 

-1 


; JjqLa*JLj 


(9.2.5) 


^ jLSojjJLJ (Four-Vector) hjL/aW <J >^Jl 

oLS'j^Jlj l ^1 jjLSl ^ Jl <&J** c iX°= Ct ^yojJl 
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a^uJI J jl>j C)l£Jl oLJIj^I JUS aJUI is^l\ 

I jA 

S 2 =(x°) 2 -(x l ) 2 -(x 2 ) 2 -(x 3 ) 2 
= c¥-(i') 2 -(jc 2 ) 2 -(JC 3 ) 2 

^>0 li| (Timelike) A**i ^L^il a^uJI 

ISJj .S 2 <0 lij (Spacelike) OlSLo A~i 
,S 2 = 0 jA k)&ajll A»«2*Jl <J jio t)li 


6j>d\ US' _ asiyj 4*^1 

A»tL*Jl jJkj j- A^oJk! aJ jj-T ^ypLij Aj»d* iJliA 

•V} = {p°. P 1 , p 2 , P 3 } = {c, p 1 , p 2 , P 3 } ii^Jl ^ - iiLLJU 


aSOJI ^ - «U«U <y>Lpi a^juJL! AJ jL*. J| aJ^I 

iftlill oLi^Jlj .£1^1 ^ a*^ JLp £ aJKJI 

^jplj_pi A»*LoJl (J^ls_J .A>Cu. CjIaS" jA ( ^A AjSLJl 

(9.2.4) aS*>U]L Jmj m aiIi* iJ^I a^** _ aSLUJ 

_ Ailkil a^uJL £>l£-jii <y>L^I 4*&J| JIjls-I £. 

: 0) t|t * 


«V = (p 0 ) 2 -(pT-(p 2 ) 2 -(p 3 ) 2 


=^r-(p l ) 2 -(p*Y-(p i ) 


2\2 


,3 % 2 


(9.2.7) 


*jj mV > 0 clJL 5 lij j ^jpLjJl 4 >mJ| j 
^ja Jit ipj^L-u iij^bLoJl ^.mV<0 clJL£ lij oL£>° 
j-^° <±zS 4Jj (Bradyon) ^j-q—4 *j */» 11 

. * j-v^Jl ipj^Lji ^ja j^Sl ipj^L-4 jt >«J L_v?Ljj 

i*-— jJI <JL— . (Tachyon) 0 j^Lj iJ *j-va-Sl ^ £j^Sfl 
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r ~+}\ OLi t (9.2.7) «Lk**Jl 4 s SL-*£]| ^»UJ| 

c..-. } (_yAj tiJUo o j^j i—**j.^aii ^j^nSfi 

g-jl?- jjk JJJi iijljL. o\ toLj^*5li!l jJjLniJJ (_j jJ? ISLiaj 
J jb c)li « (■j+a5\ <& ja~j Z}j9*zj ol^ IS)j . 2 (_jbS3l IJLa (jLLj 

. m 2 c 2 =0 j* OlSLojU 4 ^i«JI 

& usai olUl (7.2.9) Hi LuJl ^iy SaL>) 

: JbJtf J^JI tt&l 


£ 2 =m 2 c 4 + (/> 1 ) 2 c 2 + (/> 2 ) 2 c 2 +0 3 ) 2 c 2 


(9.2.8) 


aJ^LmaJI (Jj^j 14 l~^JLl 4jjLJLq 4 I - j a i)jj>»lj| 4* - $ IS) 

: Sj^UI M 4>^i\ J1 (8.2.9) 

E * me 2 (9.2.9) 

— > Jl OL* — > Jl ii_^»wLi J _ y *j>-_ r *Jl Ujll») 0LS 1 li)j 

: Jisll ^jL-sIl (9.2.9) ibUJl ^4Sj ttfL. ZjSL. 

E = me 2 = m 0 c 2 (9.2.10) 

. ^ .— > U Qj^i.ll aI^S* f i m@ 

aLj^vJ ^ j £ a ! j».^>ll SJUbLiuo (9.2.9) itaL**Jl 

^ cJLil^l SJLaLLJI oAaj .jplaXv? j i 43Li? 

* 

. J-ftvailJlj JlJi tijjJl iSUaJl JlJjj 

jjo 3.9 

* 

is..La" fj&J*A J liM t (JjLJl Sll iojJuJl 0jl] 

OftJjb ^J 0 ,oi * **l>iJ| *Lj^jjJ ^jJLp 4-*-<JLjJ| (JjJaJl ^jA 

.^ojjlj ^IjiJl ^ i^Lo djj&l tp—~ j>- iS'jj- £-~j j-* 

(World-Line) ^jjqJLaJI Ja>«Jl ^LS 0 LjqL«jlaIj 

c-iialJ iJLfcj .djj&yS 
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4-A-pl ji 1/0 ,JLw_J| <LpLj 4-?-Lw« 

j-A JjJaJl .^ojJl j-k ^IjJl Jl*-Jlj 4(JjiaJlj i^Ldjj^l) 

^JJl 4 ^jJ-*J v-- JJaJLj jl JLp-I 

pJu JLuJI ~*:>- P'J-SJj 4 ^L*jI 4j^j 4 —*-Ufl.lj IJlA aJLk-JLj 

^^JLp jl*JI 4-j-pLjj JL^JM 4-j^ j Jbu 

jl>-I L^3 jlh-JI <LjLj UIp jJ LjU 4 Ji*-JI *LjIij oixL^ 

^l?Ldj aIsjIj .(^jL^oJI) JL«-Jl j-A ^®jJl J-* 

Ji-o >J ^LxJl ^ij-<Jlj ^®jJl oL^UJl 

. (2.9) .Ojj^JVl 



f jMflll Ljj^aj 14^1x11 Jbjh^Ilj *(2.9) JS-wJI 

.J^-lj J-«j Js djji£ Jl A_5" tSmi jJ U ^^^dLkj 

M jl n_iUJl ^J, jl i|»L»Sll i3_ptij ol ojjJlSU^U j-^-o-jj 
*^ l jj^. £. Iftlty iS^j V Oj^>l olS' ISU .IWty 
^>x-i ; g ^ 1 ^Jl ^-Lp iS "^zzj LjLi 
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Ublla-Ju JLi ^ylil -tjJaj>«Jlj .^y^UJl ^ i3y>*lj O^S li} 

<J^L>- 0j4-S y>- ^JJLoJ J?j_laj>cJl oJjb .4^-«Jlp LtjJa^- 
i^JL>- —k-J ^JLiJl Ja_>«Jl ^JL-P 4-kJLj J^Sj .^j-fljJlj jLSUJl 

<ia-5j 4c3jj-^J^J ^ojJlj ^j-«J| Oli ^jJULjj .(Event) 

-Ia>j| ^1 p ^ 4^o^Jlj jLSUJl y UJl p—jJl ^ Jv>Sfl 

(2.9) JSLiJl 4_> w s>j^o pi>JLla^^Jl oJjbj .Oj^^JLaJI 

Lp ir*}^ jjy 4 -*-* J-* Cr* U" ^r**^ Ojj-^-!)( 


.kiJl JU Jjb- (2.9) JSLiJl y olaihull .Uy^Jlj .J.g:..>!l 

O^J ^ ->r -Q- 1 I 4j~UUl j| « */2 I j <P^j-k-*J *—>«j ^oJLaJI 

^USLj J?jy>«-<Jl 4_j-kiu ^y^UJlj J^iLk^oJl i*JaiuJl J?jJaj>«Jl 

. (Light Cone) *jvall -t>jy>**j c-syu 


<J*Lo l 5 - ^^ f iS^ y-dj- >1Lj lF* o^Jl oLS 

^*ji\ ^ jL£*Jl <Ukij As>^/> j-<Jl Jyo <Jj^l£]Vl 

ji-k-k>Jl J-P 4 _a>*j 4(ji*UJl oJlA Jys-jJ .yojJlj 0^<Jl JyJ ^yUJl 

yil yjllAlj| oj, .*y*^all <Py-- yo ipj-k-j i3y>«Ij jl 

^yLJ oli 4 *j-va-!l i* j+* j+* 3y£ ol <+**’>- (S^ ^ ^ 

Ip liU .yjUlljJ ijjiaj ol (^^*4 Oj^^^-S ^j^JUJl -Ia>«j| 


-ijJl L ^j->^° j-* ^JlSIj 4 *j-k^-Sl -kjy*-o Ojy^JVl 

• 4aJ jifij ^ JLp ^ < jm«i *■ 0^ 4 lo**>*^| i—J I JL^laa4iL) 

^ o-ojp ^ j a A *0 IS' yo Oy^-^ *1 ^ ^ i I LoLlfij Lj I LjI jjlAjS 

J* bjj&y\ £*y> OL^ 2j 1 OLLilSJl .(3.9) JSLUl US' 
^flu Ujllp y-ojJl oU^a-5_j 2 j 1 OUpUJIj ,OL^-«Jl j j- > *- ja 

. ^IjiJl ^jIp 2j 1 yUtlS3l djj^y\ 
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OjjttfcU u al l ti l iaaJ) (jji Ld :(3.9) 


( ^JLpj .Lo jl>- a-o^JL j + s * j-<Jl oLu«Li 

.JawaJL A3 JU Lw^JP'l^3 OLl^L—Jlj .OjJJ-^OJl 

oj^->- jj* oL* LojI^ ^-JLJ! ^J-p j 2 \.+&.a oLj iijjj ol | » ^ ^ 11 Cf°-J 

c^L^L-dil jj3o 4 ^-^*31 ^Op jU ^j-o .a*jL^a 1! djLwoL^S-ll ^3 

4 L$j (3 J-® J-P Jj-*/2j>JiJ £jhJl Ja-^A)jjLo Jj>-ljj .oJuJLP ol jA 

^nJ aJL^jJI ol a1»L«^j ®L^j (3j-® )} ( *^-^>- 

^*JLp ^Alj^U ilili Oj^^oJUl iapJl 


^3 ia-wwjJLo oLlLo (4.9) Jl^-JLJ! ^^3 j-jI Ji-ll q a«J a.a*!l <jJ, 
jA' a jjljJl ol ^1 4 ^j_A-d-Jl ^j_p 0jjl^ ^->«->-j .LjL^LJ 

A4 ^^-taA>L«j3Jl Ja^" I ^*J-P 

^^JLp Ja^- Ja—j| lOAj .(4.9) ^3 _j 

IjLmwl» JL?-I Jli Oj^^^fi Oj^j Ol jL^l>t-<>Jl {jAJ .Oj^^-I^-J A-o^aij 





jJfc jl 4 jg^Ja^tJlj JjLo-o J^S* 

L^\aJ L^C«w<)>J J Lm*^J I J^>l£j 03^ • ^£^C<uhA> I J Lyu^J 1 

jL^^oJl Ijlp Lo ^3 cjIjL^wl-oJI ^w^>- jLj 
ol 4 LJL>-J .4*-jJflJL] Jij Jl>*Jl <U*JL*J| o^lalJl ^3 LoIa Ijj.5 

Ly y>l 1*3 Ol ^C^ wi^A<wJ LuLd 4 ^y>\J*$i\ I hl^ J » *jLkA/yk*>3 I ^LmuQiJ! la <3 3 

^oJL*Jl Jag*Jl o^ Ojj-^-^-J^-J ^^UJI JagtJJ 

. *J^a .Jl Jgj J>*j> fj^> ^Ij 



C^ytij JSjA o* ^Ull r»JJe ojJZ&l ^-SUS Lid) :(4.9) JLAS 


^jLwJI jJl ^3 ®01 4-diaLo ^<»JL*J| Ja>*Jl la .*»b|j 

•^jL^jm^^jI^ lat i^-p'kXj ^_1 ^^9^ **> ob 4 ^llp oLSC^JI 

0>blJlp| Ol ^Jl 4_^>tj 4<JL>- J-P 4 Aj jialll J-iJ 

,<Lw>-jL>- J-«l j-P J>jj>-j ^JLP { j-o JlS'llU dJLlij oljJaj>Jl £-0 Lllj j>tH 
<jpl 2jJ>-j ^»wLPj 4 jjJ>«JlLI JuJtOLlJl SjJ-fcL>- oUuyw ( j-« JlSllJl JL*_jj 
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ll Cj\j la ya Ji^dJL ^ jJLj t f-Ua_?-| 

Lj^jj^o <*)li t {£ o jJ» *Ua_>4 (jjl JL>«J lij ,»j ,/a !| J *J 

4 . j^iil JjJLjLIj ojliJjbj . Aj jJajJl 4 _*j>~Ij_* JL^-jJl 

LoJLlp ^jlSjlIIj .LoUj SJbJL>- <_*_*/?jjL *jlJ| jl 

Aj^lal]| Ala—I jj La^ uL-uflj ^l]| jjbjjiaJl oJjJL>*J| 4j jjalll 

olxi y J^ojuj (o j^JLq Jl j*£* oIJLaLLJL! I jy^o'i ^ JLfij j 4 A-*j JLflJl 

. ^yO>iJlJLl iLU 4 aaJj>cJ 

Uwu Ja>Jl Aj^>*j <1)1i jiaj ^ 

4^-dJb>- jl 4 ^iSaiii ^LJ J*}^ Oj j&iy -k>Jl 

.c_3j jAjb jJ& ^JL>J| Oj^l£]^/l jL-uo .^yJLxJl Ja>Jl J ji? J-P 

4 jL^o J*£Uj . ( *^uJL>cJl ^j_aj oJLjJLp oljL-^o ^ jj>- jJ 4_JL^oJ ijllJbj 

<JJLJ3 Jb <l)b i— a^j^JI AjjJalll lli ^tplj 

*«*i 4 4-fcSl-o^o l^l A Oj*«*P <fjL*_A LS' li 

Ojol 5j-ktjJl ^ Ijl?-Ij iSbjb <jU JjJLip 4^jL-*JLj 

la w < ^ yjj ^jlSI * ll IjL-^JI U jl^I**« 

Oj_ I 4-L?-bJl £y Aj^Ll-JLo d■>*•>*) oljl^^.il 0^3 

jL-^qJ|j . oljL—<J| ya ^/Ld-^l I Oj^j |jb>-lj IjL-uo 

^ipj .I Ajjialll a]o^lm\jJ ^Jb^Jl jLk-i-«J| jA WL*J^-I 
jjb oljL^Jl ^1 Lj^^J i^SL^^SUl AjjJiiJl jl ^ 

J^-b Aj^lalSlj .<LJb oljl^J I^lawT W l^Jli 4 'VLd>-l 

Ji' <JLd>-l y ^iaxjj AlSU^Jl oljL^Jl jLlpVl ^3 

. jL-uo 


0^jJ-2j jOi ^3 Oj^ pJL*Jl Aij^J Lo p\ a *A OJ 

la*^) ^j jj & a *51 jJl colIiJIj .oU^1j>JI coLitj t_jjL>tj JJL>J 
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0j£]| 4-SL>- j_A <JjLoSn Jb*-lj .oJLjJLP Jj <JLLo| <jj IJL>- 

J lij ^ Jya-o.ilJ a j£i\ ^L^alSli ,u^Ala^aT ^^iSl 

^^JLp oj^LSl £b>-jJ ^4! t j^o-oJl IJLij'yI eUofifl ^ 

4_>c_OLj .^->cJl aS y>- aUol j^JdJl IJub ,^JL/?SfI LajL^jo <Jj_t 
JliLoJlj .Chilli JLi>o jjb ^£-« joUalJl jl 

<jjo t-j jmSJL iJj-J Lojup OjJL>*jj i ^S^JLaJl oiAi,j| <JL»^p jjb 
jliljj ,<j A^v^jSfI iuiL>Jl 4_k^-lJj o j*m\ Ol <Jj^ ^y^jS/l 

. <J 4-^jSfl ^>o ijjbJl jL-jo 


iJjJL-Jl *i JJLLu Lo LJLp a_j j^_>t-<jJl oi^ 

fyj <y p-^' cr^J <>rf 

^_>o Oj* jLiiS' jLo-u»1j>- ^|pLflij LoJLip Lvijl iuiL>Jl Jp^Laj 

iLft^yJ JbLJl ^J-PL/IaJI bl* **>* 1 a^Lp 4 -«J^L>cJ| 0 I t ^^W oil */ 2 AJ 

OOtylJl OjjJO>- JLLP JL>*jj ol ^j_?-l O^LpUj ij^LJ iJLlJb 

tijj-iil o^pliiil ^ o^LpLiiJl oJla .<jj^_>c-oJl ool^l^JLS 

O^LpLiJI aJUb ^bsl ILm .4 a *, w a/1 ]|j i A * **> * IgLlA^o jj- ^ £Jij 


JjoIjjJI .|jL>- aJUL*-o oJLllJl oLUp 0j£j ol 

p—*^31 JL^Ij ^iouB oJLiJ iJL^p ^1 ^ J-^jI JiLiu iSy^i-oJl 
jy«Jl J^J? pyy <yjl -<>0b 015^1 (>fj tpW' 
pj—S(l Jji» jjJ-o p^-y -'-Ob 

«4 L ^ ; il o'yujl q/ 2 . w t (5.9) J^LtJl .o l -o . *^1 > nJl oljL-^o 

•^°J -II jjy 3 £° i3jJ>0> J-4-P ^iJ JlLo (I) 5JL>J| 


jjy* j»***>^l i!L>«j|j 

^ v^LUJl ^LoSfl iSj->«o U^j>- (^)j (gO 

<-0LjJ>aJ a j_aL 1? Jb>-jJ c I JLa LOoj_j .^ojJLJ jjj^o ^| 0j^ 
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(j)j (-a) oLiJL>»JIj Xz)j (^) LgJ iij 

(—a) iJUJl *si*«*l«*ll 

(>° aJU- (j-°jJlj £1^1 c^i 

oL>*Jl ( v r « iijJLo 4 a^p-Lj ( j-o t (j) aJL^JIj ,a^»jJI 

. £lyUl ^yi c-ii>*Jl ^yl! U^1 j>- ( v^J v 


4 

+ 

* 

■ 

« 

■—► 

^ f uVi ji.j, 


f UVI J! - E 


■ 

■ 

I 

1 -► 

fUV! J! -i 
O-j 1 ' 


tjlaJl J) -j 

t>Jb 


tjkll Jj -j 


i-jlaJl JJ -M 
t>jN 


£)-0^J (jLSaJI tjjj j :(5.9) 

iSM«JLJ ioLjJ ^yA J^yi C-iJUJl ^yH ll y^i I 4JLSLo| 

jIJlLo j t E 413 Up j tw Allis’ ^ ^1^>J iiUaJlj 4-LlSUl 

; o\ (j\ <*p aS’^S 


2 4 r-2 2 2 

me =E- pc 


E = ±'sjm 2 c 4 + pV 


(9.4.1) 

; ^ylp Ju^tj iSllaJl ikUJI oJLa 

(9.4.2) 


ol .iJL* jl <Lj>- j-o 0 j^j ol iiUaJl oj. 
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J I j .^JL. Si U» au J j] S^ja ait au ^ LoJ 0 jSo 

4-l>-jjo <iLl? <JL>- i- "-* *■ 4 jIj o J - — <JL*J| <iLiaJl <JL>- 

^jAi^ J **** 4^-j^3l (jjjJl t fl *1' IhJbA 1 >cJ| iS ^>dj 


(E.C.G. Stueckelberg and Richard Feynman) Ql» ijLidjjj 
JLoJl?-^I i**- oSf Mj-JL° j^ixj 4[ 1995 ^ 1993 t^j-iJLi] 


oLJlJb-J ^ E iSUaJl c_Jj^s> J-/?L>- jjaa-j j-^ ^ 

d*JLS lij LoJ LJL* Oj-^-j . x° = ct t j^ojJl 

.x°<0 iE>0 j] x°>O iE<0 


. (9.4.1) itaL**Jl La^S i tp>*j ilaj^^Lo ISLiaj 
it$3l ^ p*iJl ^ it$3l oL (9.4.1) ifcLJl 

4_taL*^«Jl 0L» tdJLSi ( jjh ^^JLpj .iijAdJl i^Sj iiLIaJl ( jjh 

<y iiLUl : gr.?,-Jl f^^Ul ^ iSLUl oL ^ (9.4.2) 

j&j i^is ^ its ou i^i .j^ji vsj itsa 

4-j_q^Sj 4jjIj^>*J| ol jpAmjoJI iiDaJl oL^Lj £jja L^LlI2-.| plj 

AxA^fL^Jf! P^L^fLtd L ** ^ I oJLA . ^^ULaJ ^* jJO 

i^Sj iSUall ^ ii^U i^lidl JUUJ L+ft 

ixiljJl jjjla:ll ^jA <v>UJl i*-—pj| pU 3JL>Jl oJla ^j c iS^>dJl 
L*-l-j^/ pLS pulj>cJl pi Li^jiil lili .(9.4.1) 4_taL**Jl d^J 
^jJLlSLj tiSUaJJ i^^Jl pliL ^L^Zjjo Jaii liSj im 2 c 4 > >p 2 c 2 p| 
:JV I j>Jl (2.4.9) ifcLJI OU 


£ = yjm 2 c 4 + p 2 c 2 = me 2 J 1 + 

\ me 


2 P 

*mc + — 
2m 


(9 A3) 


^‘SJI j*Jl US3I oiu oL (9.4.3) JLSj 

aJLiS* ^ oLiflil . *^t I* i -— 1 ajLIsJI / ^ 

>rr pji a itj 
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Oj^ 5-oJajSfl i3jJL* ^jJLj dd-illl «wJjL>cj 01 ^ p-PjJl 

oJub *14 -jj 1L .» ll *y+>S\ ol ^l 4 Ijl>- o j a * */3 ll 

L-*SfI aJlA? ji\ 4-lajbLj a A ^.a o j-£j Lo ULp v_jjL>«jlSI 

o^Lo LoJ oU^l^Jl 4 jjI^I> 0 io^ 4^^ Chilli 

I .oL..l>Jl ^ Ajiy>- j\ 5iJLjjLL-jo 

^jji oU-«l>Jl ^Ij>- 4_la3L-Jl oU..l>Jl 4-oJj»- JotJU oLp 

*1 LaJL1j| <jU lJlf!j .<jjJLk^Jl ip^Jl 

^IjJ^Lj 5JjlLo <JL*JI IjJuilSJ ^sJj .Accelerator) 
LjJ 4j& Ij-<Jl ^^1 j>iJ| oLLiLSj o^j>cj^o ou c^jjL>d!l 

J3 [aJ ijlajJ ci^-L-Sfl 4^..1ail CjLJUjJI £jA Jj JjlSI Lm\j* ^ 

J^o ioL^Sl iajUiil oWl^Jl (Spin-Off) JtLttl V* Jl cS^ 
.(Superconductivity) iiSlij Lr -l?liiuJl 

jA I o^UUiilj oLUxll ,> ilsAl ^ (6.9) JSOill JL> 
oL£-*Jl jj-aj i-JL-Jl ^j-l*jJI . d.«.1*~ll LgJJUbl.t a 

4^jL^bJl - ■*—■ -1I cjLJL^p ^1 ^Jlj 

^jL-JI p—L^ijJl ,oL«-d9 ^S'j^uoSlI t 

*£j>- p. ^ ,J| t Oj^° .oLo^L*Jlj jJLaJI 

vi^Jb>«Jl jtr^ jl i<]aiLJlj .^jJlj ^ p^Ls**i\ 

( j^j LoJip ^jjlj fji 

(Pair —!l 4—i—ij (Pair Production) ^vjj—ll ^l—:—jj 

^ vi-JLsJl j ^ylill ^..iL r ll jJl ^ y> Annihilation) 

,*y £.ll ^;*“?• jl ty <J"tj JaimJl .(6.9) 

t «J aUi-Jl r . 1 ^Jl j djj^y I ^ oVju e + j e Olj^^Jl 
^1 ^ ^r_jjJI ^ t (Positron) 
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. 43 ^3^_o 4_1 ilva-JI I L$ *3 |^aJ 

.^jjJl 4-Jl<>Jp ^3 *Z^t) a ^*~ Ji Jj'$ JL>-Ij 43 UaJl J 

^^Ldj JL» 4 lLUS ^ 

£jj iiLt Jj->*-1jj .£jjJl *Lii 4 _a-Lo^p Lo^J^ 

. cuiJ^dl Jl^j A^^JgbJcojj^_S” aU^Jl ^*lj>tJ!j 




Ljlualj iIiLIajl! 4jjL0( ^jLojj^ ^jju jj! JHa :(6.9) j£00! 


Lo ^ (6.9) JSLiJl ^ ((^1 lyiVl i^lAJLJ* ^Ul ol 
4 I LoO*p jl>o ol ^ ^ <>j 

IJlaj ,<LjIj 4l>*JLj| ^%j1j Lq.^ 1 0*^ ol^3^J ^ J^ 3 

i OUj Jj>-J 4 ^-mLwwI ^ c-JjL>*Ij 4JJj^j oi ^slllJl 

djZjiilj .f'j^a3\ jl 4 0jJj-i-!l jLf Jj-4j 

(Virtual j-iiI |JL>- 03 SjJLaJ JaJti JL?-IjJLj 

^-SC>*jJ| j*JLi ^^1 ^liVl I I4J Jj>-I jJu ^1 2i^laJIj .Particle) 

! 4JUI ^yjjJlj iSUaJJ ^‘jJLJl ^Op IJL-o aIi^Ijj 1 $j 
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( 3 . 9 ) 


3JjhXjaJ| & uX-A [^jjjJjjJI 

(jl*jJl L4-JI ^Lifcj ^u( tiiLuAUl qcl 
ftjLill ^1 Uj-Ui Jijj jjjJaUIj '4r 

j-bil j- "J jL. 3il* UAli. ub£ll * ' *_> :i_jl2£]| 

q-U &aI1j j^jLfcJl ^)j_ill L^IjLuLj uLLJI 
3iuIaLj 3_*_> j_3J1 ULUI j^L^a ^,.i.i^3 LaIii* 

» 1 « 1 * l lj L*_£ 1 jL£3 jl 

5LJij-A_A Lni-i«! L^j^LUj auj 1 ^ It SjjL^lj 
J_J_jLa_A |h l J—«b-JL_lu 1 Jj *■ 3 A mj AJ 3 « J 1 

IjL^J 3 Xj i aVl 3 l «1 A II 3-uIajJ| 3 1 , t \l <Vl 

4t( ttUJi <> &JI 111 Ljis^ii (•) 



3j_k^Ul ULUJl i—lI^ |jt^A a ^Iaj 
L±jLu£ 4 n,j 3j (_g jJl u 1 L 1 ^ LJLdb 

3i^j-A I544I jA jl A~l 313.A (J-A ^iLfcJl 

LL|Lj_u*Lj^J|j *L»j_J_A_I 1 ji Ai A A_ 3 -L.A.aI.Ja 
.JoIaLaHIj JjIlCUI l-iLu^j 

3L iL a lit 3^«jJ^ tuikjjj :^AjUi .j 
£ jL£j_flf (j_A jj ftilm A 3 a A 1a 

^Ul 3iLLkJl 

!t_ JT_)Lhj ,trfciAti_l M ilJX: r^^jlU 

^yuVlj _ {JM 1 hi C 3 3 A A La ^)_fl 3 A Ml t A It 

— bLjj_1jlII ^ m3 4- tlljl & A jLLl«1 i(1995) 

■ »1 A \i+ 3jLA Llk ijA^LaJI 3ol£ 


Ml .1 
.2 
.3 

jJUJl .4 

3M1 V ,yM 1 *5 

^UjUaH .6 

^vu3Vij .7 

kZ»45jiiJlj 

OIjqMj aUaII .8 

UM .9 

a-iruti mi .10 

Mi .11 










